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Chapter 1. Introduction

Advances in RF and microwave communication
technology have extended system performance to
levels previously unattainable. Design emphasis

on sensitivity and selectivity have resulted in dra-
matic improvements in those areas. However, as
factors previously limiting system performance have
been overcome, new limitations arise and certain
parameters take on increased importance. One of
these parameters is the phase noise of signal sources
used in pulsed RF and microwave systems.

In pulsed radar systems, for example, the phase
noise of the receiver local oscillator sets the mini-
mum signal level that must be returned from a
target in order to be detectable. In this case, phase
noise affects the selectivity of the radar receiver,
which in turn determines the effective range of
the overall system.

Since the overall dynamic range of the radar sys-
tem is influenced by the noise of the transmitted
signal, it is not only important to know the absolute
noise of the individual oscillators but to know the
residual or additive noise of the signal processing
devices like power amplifiers and pulse modulators.
Because the final signal in most radar systems is
pulsed, making absolute phase noise measurements
on the pulsed carrier is essential to determining
the overall performance of the system.

Pulsed carrier phase noise measurements have
traditionally been made using custom test sets
dedicated to that particular measurement need.
With the introduction of the Agilent Technologies
3048A Phase Noise Measurement System, a general-
purpose measurement tool now exists which has
the capability to make phase noise measurements,
with some limitations, on pulsed carriers and
devices. This application note discusses the use
and limitations of the 3048A system for making
pulsed carrier phase noise measurements.

The assumption is made that the reader is famil-
iar with the basic concepts of phase noise and
CW phase noise measurement techniques. For

a complete discussion of these topics, refer to
Application Notes 283-3, 207, and 150-4; RF &
Microwave Measurement Symposium paper
“Choosing a Phase Noise Measurement Technique,”
literature number 1000-1118; and the RF and
Microwave Phase Noise Measurement Seminar,
literature number 1000-1132. Copies of these
pieces of literature may be obtained at no cost

by writing to:

Agilent Technologies

Dept. T1

1620 Signal Drive TAF C-34
Spokane, WA 99220



Chapter 2 reviews the fundamentals of pulsed
carriers in the frequency and time domains. The
majority of terms used in succeeding chapters are
defined throughout Chapter 2. Chapter 3 discusses
how the single sideband phase noise of a CW carrier
is affected by the pulse modulation process. Chapter 4
discusses the effects a pulsed RF carrier has on
the performance of a phase detector based meas-
urement system such as the 3048A. Techniques

are presented for dealing with these effects. The
pulsed carrier phase noise measurement capabili-
ties of the 3048A and 3048A/11729C are summa-
rized at the conclusion of Chapter 4. Chapter 5
presents the recommended hardware configurations
and the step-by-step measurement procedures

for making residual (two port) measurements on
pulsed RF carriers using the Agilent 3048A Phase
Noise Measurement System. Chapter 6 goes on to
present the recommended hardware configurations
and step-by-step measurement procedures for
making absolute measurements on pulsed carriers
using the 3048A system and the 3048A/11729C
combination. Chapter 6 discusses using the Agilent
11729C Carrier Noise Test Set as a low noise down-
converter with the 3048A for making phase noise
measurements on pulsed microwave carriers. In
conclusion, Chapter 7 presents a brief discussion
on making pulsed AM noise measurements using
the 3048A system.



Chapter 2. Fundamentals of Pulsed Carriers

The formation of a square wave from a fundamen-
tal sine wave and its odd harmonies is a good way
to begin a discussion of pulsed carriers and their

representation in the time and frequency domains.

You might recall having plotted a sine wave and

its odd harmonics on a sheet of graph paper, then
adding up all the instantaneous values. If there
were enough harmonics plotted at their correct
amplitudes and phases, the resultant waveform
would begin to approach a square wave. The funda-
mental frequency determined the square wave
rate, and the amplitudes of the harmonics varied
inversely to their number.

A rectangular wave is merely an extension of this
principle. In fact, to produce a rectangular wave,
the phases must be such that all the harmonics
go through a positive or negative maximum at the
same time as the fundamental. Theoretically, to
produce a perfectly rectangular wave an infinite
number of harmonics would be required. Actually,
the amplitudes of the higher order harmonics are
relatively small, so reasonably shaped rectangular
waves can be produced with a limited number

of harmonics. By changing the relative amplitudes
and phases of the harmonies, both odd and even,
an infinite number of waveshapes can be plotted.
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Figure 1a. Periodic rectangular pulse train

To create a train of pulses (i.e., a waveform whose
amplitude alternates between zero and one) with

a series of sine waves, a dc component must be
added. Its value equals the amplitude of the negative
loops of the rectangular wave with sign reversed.

Consider a perfect rectangular pulse train as
shown in Figure 1la, perfect in the sense that the
rise time is zero and there is no overshoot or
other aberrations. This pulse is shown in the time
domain and if we wish to examine it in the fre-
quency domain it must be broken down into its
individual frequency components. Figure 1b super-
imposes the fundamental and its second harmonic
plus a constant voltage to show how the pulse
begins to take shape as more harmonics are plotted.

Sum of Fundamental,
2nd Harmonic and

Fundamental Average Value

Average
Value of

Wave

2nd Harmonic

Figure 1b. Addition of a fundamental cosine wave and its
harmonies to form rectangular pulses



A spectrum analyzer would in effect “unplot” these
waveforms and present the fundamental and each
harmonic in the frequency domain.

A frequency domain plot of this waveform would
be as shown in Figure 2. This is an amplitude ver-
sus frequency plot of the individual waves which
would have to be added together to produce the
waveform. Since all the waves are integer multiples
of the fundamental (PRF), the spacing between
lines is equal to the PRF. The envelope of this plot
follows a sinX/X function with the spectral line
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frequencies at fiing = n x 1/T, forn = 1,2,3 ... .
Note that the nulls occur at integer multiples of
the reciprocal of the pulse width.

Before proceeding to a discussion of modulating a
CW RF carrier with a pulsed waveform, let’s define
the terms used to represent the characteristics of
a pulsed waveform.
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Figure 2. Spectrum of a perfectly rectangular pulse. Amplitudes and
phases of an infinite number of harmonics are plotted, resulting in a

smooth envelope as shown.
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Figure 3. Basic characteristics of a pulsed waveform




Referring to Figure 3:

T= Pulse width: Refers to the period of time
during which the pulse is on, usually repre-
sented by the greek letter tau (7).

T= Period: Refers to the time elapsed between
the beginning of one pulse and the start of
the next pulse (i.e., the time required to
complete one cycle).

Epx = Peak amplitude: Refers to the peak voltage
level of each individual pulse.

Eavg = Average amplitude: Refers to the average,
or dc, value of the pulsed waveform.

.
E g = Epk X T

PRF = Pulse repetition frequency: Refers to the
frequency at which the pulses are repeated,
the number of pulses per second.

1

PRF=7

Duty Cycle = Refers to the ratio of the pulse width
to the pulse period. It represents the frac-
tion of the time the pulse is on during one
complete cycle.

T

Duty Cycle = T

With this background we can now apply the pulsed
waveform as amplitude modulation to a continuous
wave RF carrier. A pulsed carrier is typically a
continuous wave carrier whose amplitude is modu-
lated by a rectangular pulse train having a relative
amplitude of one during each pulse and zero dur-
ing the period between pulses. Pulsed carriers can
also be generated by pulsing a frequency generat-
ing device, such as an oscillator, on and off. One of
the fundamental differences between these two
methods is that an amplitude modulated CW carrier
is phase continuous from pulse to pulse, whereas
the phase of a frequency generating device, which
is pulsed on and off, is random. The Agilent 3048A,
using the phase detector technique, can only meas-
ure the phase noise of phase-continuous signals.
The phase detector technique requires that the two
input signals be at quadrature (i.e., 90 degrees out
of phase). If quadrature is lost, the system will termi-
nate the measurement. Quadrature cannot be main-
tained if the phase from pulse to pulse is random.

From single-tone AM modulation theory we know
that sidebands will be produced above and below
the carrier frequency. The concept is the same for
a rectangular pulse train, except that the rectangu-
lar pulse train is made up of many tones, which
produce multiple sidebands commonly referred to
as spectral lines in the frequency domain. In fact,
there will be twice as many sidebands or spectral
lines as there are harmonics contained in the
modulating pulse.



Figure 4 shows the spectral plot resulting from
amplitude modulating a CW carrier with a rectan-
gular pulse train. The individual lines represent
the modulation products (upper and lower side-
bands) of the CW carrier and the rectangular pulse
train (fundamental and harmonics of the PRF).
The spectral lines will be spaced in frequency by
the fundamental frequency of the PRF.

The spectral line frequencies can be expressed as:

Fy, = Fy + (n x PRF)

The “mainlobe” in the center and the “sidelobes”
are shown as groups of spectral lines extending
above and below the baseline. For perfectly rectan-
gular pulses and other functions whose derivatives
are discontinuous at some point, the number of
sidelobes is infinite.

The mainlobe contains the carrier frequency repre-
sented by the largest spectral line in the center.
Amplitude of the spectral lines forming the lobes
varies as a function of frequency according to

. T
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Figure 4. Resultant spectrum of a carrier amplitude modulated with a rectangular pulse



So for a given carrier frequency, the points where
these lines go through zero amplitude are deter-
mined by the modulating pulse width only. As
pulse width becomes shorter, minima of the enve-
lope become further removed in frequency from
the carrier, and the lobes become wider. The side-
lobe widths in frequency are related to the modu-
lating pulse width by the expression f = 1/1. Since
the mainlobe contains the origin of the spectrum
(the carrier frequency), the upper and lower side-
bands extending from this point form a main lobe
2/7 wide. Remember, however, that the total num-
ber of sidelobes remains constant so long as the
pulse quality, or shape, is unchanged and only its
repetition rate is varied. Figure 5 compares the
spectral plots for two pulse widths, each at two rep-
etition rates with carrier frequency held constant.

Figure 5a. Narrow pulse width causes wide spectrum
lobes, high PRF results in low spectral line density.
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Figure 5b. Wider pulse than ba causes narrower lobes,

but line density remains constant since PRF is unchanged.

Notice in the drawings how the spectral lines
extend below the baseline as well as above. This
corresponds to the harmonics in the modulating
pulse, having a phase relationship of 180 degrees
with respect to the fundamental of the modulat-
ing waveform. If these pulses were viewed using

a spectrum analyzer, it would invert the negative-
going lines and display all amplitudes above the
baseline since a spectrum analyzer can only detect
amplitudes and not phase.

Figure 5¢. PRF lower than ba results in higher spectral
density. Lobe width is same as 5a since pulse widths
are identical.

. llM“H“lH

Figure 5d. Spectral density and PRF unchanged from 5¢
but lobe widths are reduced by wider pulse.




Before proceeding to a discussion of how the single
sideband phase noise of a CW carrier is affected
by the pulse modulation process, let’s define the
terms used to represent the characteristics of a
pulsed carrier.

Referring to Figure 6:

f. = Carrier frequency: Refers to the frequency
of the unmodulated CW signal contained
within the pulse envelope.

T= Pulse width: Refers to the duration of the
pulses. It is usually represented by the
lower case greek letter tau (7).

T= Pulse period: Refers to the time elapsed
between the beginning of one pulse and
the start of the next pulse.

Amplitude

- T »
Time —=

Figure 6. Basic characteristics of a pulsed carrier
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PRF =

Pulse repetition frequency: Refers to
the frequency at which the pulses are
transmitted—the number of pulses per
second.

1

PRF = T

Duty cycle =Refers to the ratio of the pulse width

Ppx =

Pavg =

(7) to the pulse period (T). It represents
the fraction of time the pulse is on during
one complete pulse period.

T
Duty Cycle = T
Peak power: Refers to the power of

the individual pulses. If the pulses are
rectangular—that is, if the power level is
constant from the beginning to the end

of each pulse—peak power is simply the
peak power of the unmodulated CW signal.

Average power: Refers to the peak power of
the pulse averaged over the pulse period, T.
If the pulses are rectangular, the average

power equals the peak power times the ratio
of the pulse width, 1, to the pulse period, T.

.
Pyye = Ppg X T
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Chapter 3. How Pulse Modulation Affects the SSB Phase Noise

of a CW Carrier

Having defined the basic characteristics of pulsed
waveforms and pulsed carriers in Chapter 2, we
will now focus our attention on how pulse modula-
tion affects the distribution of the SSB phase noise
of a CW carrier.

As defined in Chapter 2, a pulsed carrier is actually

a continuous wave carrier whose amplitude is

modulated by a rectangular pulse train having a

relative amplitude of one during each pulse and
Pulsed

Waveform J__\_l l_J L
X
T Y AVAVAVAVAVAVAVAVAVAVAVAVAVAYAY

Figure 7. Multiplication of a CW carrier by a pulsed
waveform results in a pulsed carrier.

zero during the period between pulses. From
modulation theory we know that any wave whose
amplitude is modulated has two sidebands, an
upper sideband and a lower sideband. Modulation
theory also tells us that a portion of the waves
total energy is contained in those sidebands. So
one way of examining how the energy of a pulsed
carrier is distributed is to look in the frequency
domain at the sidebands produced when a CW
carrier is pulse modulated.

Referring to Figure 7, amplitude modulation can
be expressed in the time domain as the result
of multiplying the CW carrier by a rectangular
pulse train.

Multiplication in the time domain is analogous

to the convolution of the pulsed waveform spectra
and the CW carrier spectra in the frequency domain,
as shown in Figure 8.

\ Pulsed Waveform Spectrum

\ Convolved with |

CW Carrier Spectrum
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Figure 8. The spectrum of the product of two time functions is the convolution of their spectra.



When the CW carrier is amplitude modulated by
the pulsed waveform, as illustrated in Figure 8,
the sine wave represented by each spectral line in
the pulsed waveform spectrum produces two side-
bands, an upper sideband and a lower sideband.
The fundamental produces sidebands at f, (pulse
repetition frequency) Hertz above and below the
CW carrier. The second harmonic produces side-
bands at 2f, above and below the CW carrier, and so
on. The zero frequency line produces an output at
the carrier frequency. The convolution of the indi-
vidual spectra produces all possible sums and dif-
ferences of the CW carrier and all of the harmonic
components contained in the modulating pulse.

If a single-sided spurious response is added to the
CW carrier and pulse modulated, as illustrated in
Figure 9, the spectrum of the pulsed waveform is
convolved with both the CW carrier and the single-
sided spur. The resultant spectrum is the sum of
the individual spectra.

Figure 9 shows the spectrum which results from
the convolution of the CW carrier with single-sided
spur spectra and the pulsed waveform spectra.
This example demonstrates two very important
characteristics of the pulse modulation process:

1. The modulation process “aliased” a spur onto
each of the PRF lines in the resultant pulsed
carrier spectrum. The aliased spur is a sum or
difference product of the spur and the pulsed
waveform spectra weighted by the sinX/X
function.

2. No matter how great the offset between the
CW carrier and the spur, an alias of the spur
will appear within an offset of +PRF/2 of the
central line.
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If the single-sided spur were replaced with a dou-
ble-sided spur and the pulse modulation process
repeated, the double-sided spur would be aliased
onto each of the PRF lines in the resultant pulsed
carrier spectrum.

In the frequency domain a signal is no longer

a discrete spectral line but spreads out over
frequencies both above and below the nominal
signal frequency in the form of modulation side-
bands due to random phase fluctuations. This
is the “phase noise” of the signal. At any given
offset from the carrier the phase noise can be
represented as a pair of discrete sidebands.

If the spur in Figure 9 is replaced with the phase
noise of the CW carrier and the process repeated,
as in Figure 10, the modulation process will alias
the noise of the CW carrier onto each of the PRF
lines in the pulsed carrier spectrum. As discussed
in the case of the single-sided spur, the modulation
process has two very significant effects on the
composite signal:

1. The modulation process “aliased” the noise of
the CW carrier onto each of the PRF lines in
the pulsed carrier spectrum.

The effect of this is that the composite noise
at the central line (i.e., f.) has been increased
by the sum of the aliased noise on each of the
PRF lines, weighted by the sinX/X function.

2. Phase noise information on the CW carrier at
offsets above PRF/2 has been aliased to within
+*PRF/2 of the central line in the resultant
pulsed carrier spectrum.

The effect of this, from a phase noise measure-
ment perspective, is that after detection there
is no new phase noise information above offsets
of PRF/2 Hertz.
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Pulsed Waveform Spectrum
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CW carrier with spur spectra
and a pulsed waveform spectra
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From our discussion of pulse basics (refer to
Chapter 2, Figure 5), we know that, for a fixed
pulse width, the density or spacing of the PRF
spectral lines is inversely related to the PRF
(high PRF results in low spectral line density,
low PRF results in high spectral line density).
Using this relationship one can see that, for a
fixed pulse width, the increase in noise at f.
will be inversely proportional to PRF (i.e., low

PRF = high spectral line density large increase in
noise at f.; high PRF = low spectral line density =
small increase in noise at f.).

Relating PRF back to duty cycle we can see that,
for a fixed PRF, increasing the duty cycle (relative
to some nominal value) will result in a decrease
in noise at f. due to a narrowing of the lobes.

Figure 10. Noise aliasing with
pulse modulation

Baseband Pulsed Signal

Combined Noise Spectrum

Carrier with Phase Noise Pedestal

Individual Pulsed Noise Spectra

vl

14




As an upper limit, the noise at f. will increase by:
=10log;o (number of PRF lines to the first null)

This is a worse case approximation and assumes
that the noise contribution at each PRF line out
to the first null is equal.

It should be noted that the shape of the CW carrier’s
phase noise energy distribution curve will affect
the degree to which the noise is degraded at differ-
ent offsets from the carrier. Typically, the slope of
the close-in phase noise (0 to 100 Hz) will be very
steep, on the order of 20 to 40 dB per decade. Due
to the sinX/X envelope, aliased noise at these off-
sets will be well below the CW noise and little degra-
dation will be seen. At higher offsets, up to .2 PRF,
the degradation will be more apparent, especially
if the CW noise curve has a pedestal, as illustrated
in Figure 10. Since a pedestal represents a relatively
constant energy level over a range of offset frequen-
cies, the combined energy of the aliased noise will
be greater than for a constantly decreasing slope.
As previously discussed, above % PRF the noise is
simply repeated about each PRF line.

T T
fat) = A? coswct+A?

«©

n=1 "M®05

Before proceeding to a review of the measurement
technique used in the Agilent 3048A to make pulsed
carrier phase noise measurements, one important
question remains to be answered. All of the spec-
tral plots shown so far have been of amplitude ver-
sus frequency. But nothing has been said about
how this amplitude relates to the amplitude of the
unmodulated carrier in the time domain.

We can clear up this discrepancy by developing a
mathematical equation for a pulsed RF carrier and
then examining the coefficients of the amplitude
terms. Recall from Figure 7 that, in the time domain,
amplitude modulation can be expressed as the
result of multiplying the CW carrier by the pulsed
waveform. It follows that the mathematical equa-
tion for a pulsed RF carrier can be derived by mul-
tiplying the equations for the CW carrier and the
pulsed waveform as follows:

Unmodulated Carrier: f; (t) = A cos ot

Pulsed Waveform:

T
® sinn wo —

L) = % 1+2Z —"——Izcosn wot
n=1 " @05

Pulse Modulated Carrier: f3 (t) = f1 (t) x f5 (t)

. T
s wo <

T cos(wc+nwo)t+cos(wc—nw0)t]

2

Examination of the amplitude term shows that
after being pulsed modulated, the amplitude of the
unmodulated carrier (A) is reduced by the ratio

of T to T (i.e., the duty cycle).



In equation f3(t) the peak amplitude of the unmod-
ulated carrier, A, is expressed as a voltage. The
decrease in power of the modulated carrier (which
appears as the central line in the pulsed carrier
spectrum) relative to the power of the unmlated
CW carrier cae expressed in dB as follows (recall
that power is proportional to voltage squared):
. . E; |?
Decrease in carrier = 10 Log,y |+

. E,
power in dB

2

AL
=10 Logm A—
=20 LOglo ( Tl )

E, = Ppx amplitude of central line in pulsed
carrier spectrum
E; = Ppx amplitude of unmodulated carrier
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The average power of the pulsed carrier will also
be affected by the duty cycle, as was discussed in
Figure 6. The reduction in the average power of the
pulsed carrier (i.e., the total spectral power of the
pulsed waveform) relative to the peak power of

the unmodulated carrier, can be expressed in dB
as follows:

Decrease in pulsed = 10 Logq ?WG
carrier spectral power PK
.
PPK T
=10 Logo Pox
=10 Logio (Ti

Pavg = Average power of the pulsed carrier
Ppk = Peak power of unmodulated carrier

This apparent contradiction—i.e., carrier power
drops by 20 log;o(7/T) but spectral power drops by
10 log;o(7/T)—is most easily explained as follows:
pulsing a CW carrier results in its power being dis-
tributed over a number of spectral components
(carrier and sidebands). Each of these spectral
components then contains some fraction of the
total power.



Chapter 4. How Pulsing the Carrier Affects the Phase Detector

Measurement Technique

Having reviewed the basics of pulsed carriers and
having discussed how pulsing a CW carrier affects
its SSB phase noise, we will now turn our attention
to the effects a pulsed RF carrier has on a phase
detector based phase noise measurement system.
The phase detector method is the recommended
measurement mode for making both residual and
absolute noise measurements on pulsed carriers
using the Agilent 3048A.

It is assumed that the reader understands the
principles and operation of the phase detector
method of measuring SSB phase noise as well as
the definition of residual and absolute measure-
ments. A complete discussion of these topics can
be found in the references listed in Chapter 1.
However, let’s quickly review this method to estab-
lish a basis for understanding the problems which
are encountered when applying this method to
the measurement of pulsed carriers.

Figure 11 shows the basic block diagram of the
phase detector method of measuring SSB phase
noise. The phase detector (typically a double bal-
anced mixer) is used to convert phase fluctuations
to voltage fluctuations which are then displayed
on a spectrum analyzer.

Signal A
RF
LPF
Ap =9 IF —/\ »
. LO Quadrature
Signal B Monitor

The use of mixers as phase detectors is based
upon the fact that when two identical frequency,
constant amplitude signals are input to a mixer,
a dc output which is proportional to the phase
difference between the two signals is generated.
The output at the IF port contains the sum and
difference of the frequencies input to the LO and
RF ports. If the RF and LO signals have identical
frequencies, their difference is 0 Hz, or dc, and
will vary as the cosine of the phase difference
between the LO and RF signals. Their sum, which
is twice the input frequency, can be selectively
filtered off (if not already beyond the frequency
response of the IF port) by an LPF following the
mixer. By maintaining a 90-degree phase difference
between the RF and LO ports the mixer is operated
in its most linear region (i.e., AV o« Ady g gp with
the constant of proportionality being the phase
detector constant, Ky, in volts/radian). The low
noise amplifier (LNA) following the LPF amplifies
the baseband signal above the noise of the spec-
trum analyzer. How the DUT is connected to the
basic configuration determines whether the
measurement will be an absolute or a residual
measurement.

Baseband Analyzer
32:Qs2
o= = [+] Ou:

Figure 11. Block diagram of phase detector method of measuring SSB phase noise



The discussions in this chapter will focus on the
specific areas where the system’s response to a
pulsed signal is different than its response to a
CW signal. Since the effects of pulsing the carrier
are the same for either measurement (i.e., absolute
or residual), the discussions will focus on these
effects as they relate to the basic block diagram
and not to a particular measurement configura-
tion. The basic block diagram in Figure 11 will be
referenced throughout this chapter when explain-
ing the differences in response and their effect

on system performance. Where possible, methods
for dealing with these effects will be presented.
This chapter, then, will serve as a reference for
subsequent chapters to explain the differences in
measurement technique which must be applied

to pulsed signals as compared to CW signals. The
recommended hardware configurations for making
absolute or residual measurements on pulsed car-
riers will be presented in Chapter 5.

System Noise Floor

A primary consideration when making any phase
noise measurement is the system noise floor. The
system noise floor represents the lowest level of
noise which the system is capable of measuring for
a given measurement configuration (i.e., the maxi-
mum system sensitivity for a given configuration).
When using the phase detector technique as shown
in Figure 11, the system noise floor (i.e., system
sensitivity) is set by the noise floor of the mixer,
the noise floor of the LNA, and the phase detector
constant. The LNA following the LPF amplifies

the baseband signal above the noise floor of the
spectrum analyzer, thereby removing the spectrum
analyzer as a limiting factor. The noise floor of

the LNA and the noise floor of the phase detector
are fixed by design but the phase detector con-
stant can vary from measurement configuration

to measurement configuration. The phase detector
constant specifies the sensitivity of the phase
detector in converting phase fluctuations to volt-
age fluctuations.
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The magnitude of the phase detector constant

is a function of the maximum output voltage level
of the phase detector. The greater the maximum
output voltage level is the more sensitive the phase
detector becomes. The maximum output voltage
level of the phase detector is a function of input
drive level. It follows then that anything which
affects the input drive level to the phase detector
also affects the phase detector constant (i.e., the
sensitivity of the phase detector). If the assump-
tion is made that the signal at the LO input is
strong enough to completely turn on the diodes,
the maximum output voltage of the phase detector
then becomes directly proportional to the RF input
drive level. The RF drive level to the phase detector
is set by the magnitude of the unmodulated carrier.
Under pulsed conditions the amplitude (voltage)
of the unmodulated carrier is reduced by 20 log;,
(duty cycle). This in turn decreases the maximum
output voltage which decreases the sensitivity of
the phase detector. As the sensitivity of the phase
detector decreases, the smallest increment of
phase change which it can detect (i.e., convert to

a voltage at its output) gets progressively larger.
Viewed from a system perspective the minimum
level of phase noise detectable by the system has
increased. In other words, the system noise floor
has degraded under pulsed conditions. The magni-
tude of this degradation can be determined by
examination of the phase detector output under
CW and pulsed conditions.



For a CW signal the output of an ideal phase detec-
tor, as a function of time, would appear as shown
in Figure 12. The voltage fluctuations, Vi, repre-
sent the sum of the noise of the reference and DUT
(absolute measurement), or the sum of the internal
noise floor and the noise added by the two port
device (residual measurement). It should be pointed
out that the vertical scale is greatly exaggerated
for purposes of illustration.

Pulsing the carrier has several adverse effects
when using the phase detector technique to meas-
ure phase noise. Phase noise measurements of
pulsed carriers can be made, with some limita-
tions, using the phase detector technique if

these effects are accounted for.

e |/-/\
VIF = (ApLO-RF (1 )XKp) o

For a pulsed carrier the phase detector output
becomes a sampled version of the CW phase noise,
with the sampling rate being the PRF. For an ideal
phase detector the only time there would be an
output is when the pulse is on and there is a phase
difference between the RF and LO ports. If there
was no phase difference between the RF and LO
ports, the output would be 0 Vdc with no evidence
of pulse envelope or PRF feedthrough. Ideally, the
LPF following the phase detector only has to filter
the sum product of the RF and LO ports. The out-
put of an ideal phase detector for a pulsed carrier
would be as shown in Figure 13. Again note the
greatly exaggerated vertical scale used for purposes
of illustration.
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Figure 12. Phase detector output for a CW signal
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Figure 13. Phase detector output for a pulsed carrier



The effective sensitivity of the phase detector

(i.e., the phase detector constant) is now scaled by
the duty cycle of the pulsed carrier, just as in the
case of the average or dc voltage of a rectangular
waveform. For a pulsed measurement then:

T
Kopuyrsep = Kecw X F

As previously discussed, this directly affects system
sensitivity (i.e., system noise floor). Logarithmically,
the degradation of the system noise floor is given by:

20 Logo (duty cycle)

Measurement Offset Range

When using the phase detector technique to make
CW phase noise measurements with the Agilent
3048A system, the measurement offset range is set
by the bandwidths of various circuit components—
such as filters and amplifiers—in the Agilent 11848A
Interface, and the bandwidth of the RF spectrum
analyzer. For a standard 3048A system the meas-
urement offset range is limited to 100 kHz, which
is the bandwidth of the Agilent 3561A Dynamic
Signal Analyzer. An RF spectrum analyzer can be
added to increase the offset range to 40 MHz.
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However, when measuring pulsed carriers, the
valid measurement offset range is limited, based
on sampling theory, to one-half the PRF. A pulsed
RF carrier is essentially a sampled version of the
unmodulated carrier. Sampling theory states that if
a band-limited signal is amplitude modulated with
a periodic pulse train—corresponding to extracting
equally spaced time segments—it can be recovered
exactly by low-pass filtering, if the fundamental
frequency of the modulating pulse train is greater
than twice the highest frequency present in the
band-limited signal. In Chapter 3 we saw that the
waveform which results from amplitude modulat-
ing with a periodic pulse train is a periodic func-
tion of frequency consisting of a sum of shifted
replicas of the unmodulated carrier scaled by the
PRF (see Figure 10, page 14). Sampling theory
states that if the sampling frequency is twice the
highest frequency in the band-limited signal there
will be no overlap between the shifted replicas of
the band-limited signal and that the band-limited
signal will be faithfully reproduced at integer
multiples of the sampling frequency, as shown in
Figure 14(c). However, if the band-limited signal
is under-sampled (i.e., the sampling frequency is
less than twice the highest frequency in the band-
limited signal) there will be overlap of the shifted
replicas, as shown in Figure 14(d). This effect,

in which the shifted replicas overlap, is referred
to as aliasing. When aliasing occurs, the original
frequency takes on the identity or alias of a lower
frequency. Consequently, portions of the original
signal are folded back onto itself when under-
sampling occurs.



When sampling band-limited signals with a sam-
pling frequency that is equal to exactly twice the
highest frequency in the original signal, the shifted
replicas will begin to overlap at the original signals
center frequency plus one-half the sampling fre-

quency. If under-sampling occurs, signal informa-
tion which is at offsets above one-half the sampling
frequency is folded or aliased to offsets below one-
half the sampling frequency.

Figure 14. Effect in the

(a) X(w) frequency domain of
sampling in the time
domain

1
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Since the phase noise of a CW carrier is not band-
limited (i.e., there is information at offsets from 0
to infinity Hertz) when it is amplitude modulated
with a periodic pulse train, it is constantly being
under-sampled and aliasing will always occur, as
was illustrated in Figures 9 and 10 in Chapter 3.
This means that signal information at offsets above
one-half the PRF will be aliased to offsets below
one-half the PRF. Since all of the phase noise infor-
mation of the CW carrier above offsets of one-half
the PRF will be aliased below PRF/2 of the central
line in the pulsed waveform spectrum, one only
needs to measure out to the point where the over-
lap occurs (i.e., PRF/2). Beyond that point there is
no new information since we would begin to meas-
ure the same phase noise information which was
just measured around the central line, only now we
would begin to measure it around each PRF line.

If the phase noise was directly measured around
each PRF line in the pulsed spectrum, the same
noise spectrum which is seen around the central
line would be seen to repeat exactly. While it is not
necessary to limit the measurement offset range

to one-half the PRF, it is necessary to recognize
that the measured data is only useful to one half
the PRF.

Up to this point the discussions have been based
on the characteristics of an “ideal” mixer used as
a phase detector. Unfortunately real mixers do not
exhibit such ideal characteristics. Attention will
now be focused on these non-ideal characteristics
and their effects on the measurement process.
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Mixer dc Offset

Theoretically, when signals having identical fre-
quencies are applied to the RF and LO ports of

a mixer, the dc voltage at the IF port should be

0 Vdc when the phase difference between the RF
and LO ports is 90 degrees (i.e., in quadrature).

In practice, real mixers exhibit a dc offset at the
quadrature point. The dc offset is the deviation
from O Vdc that is seen at the mixer output when
the RF and LO inputs are in quadrature. This dc
offset is of concern because the measurement path
through the 3048A system is dc coupled and a
large amount of dc offset can overload the LNA,
forcing it to be removed from the measurement
path. Removing the LNA degrades the system noise
floor by 20 to 30 dB. When making CW measure-
ments the phase difference between the signals at
the LO and RF ports, A®;xr, can be adjusted off
quadrature to cancel the dc offset of the mixer,

as shown in Figure 15. When making CW measure-
ments the 3048A system can automatically com-
pensate for dc offsets of up to one half the peak
voltage of the beat-note and apply appropriate
correction factors to the phase detector constant
to maintain linearity and system accuracy.



However, setting quadrature is not as straightfor-
ward when measuring pulsed carriers. When set-
ting up a pulsed measurement one would normally
connect the pulsed DUT to the RF input of the
phase detector and the reference signal to the
LO input. Under these conditions the RF path is
pulsed and the LO path is CW. During the pulse
off, interval power is only applied to the LO port,
which produces a dc offset at the IF port. Adjust-
ing the phase a few degrees off quadrature does
not directly cancel this dc offset. The phase must
be adjusted off quadrature by an amount neces-
sary to produce an average dc value of 0 Vdc,

as shown in Figure 16.

+ Ve

Jdc Offset at Quadrature Point
Ve )T _
o] _/J_t = A @, o. g (Radians)
2

Amount @ is adjusted off quadrature

- v 3| |

dc ‘ to cancel dc offset

Figure 15. Cancelling dc offset by adjusting AD,¢_g; off
quadrature

Ve
- - ---Pulse off dc offset
ViF ©
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—Vde Average dc value of waveform = 0 Vge

Note that there are some negative consequences
associated with doing this. As can be seen in
Figure 16, this method produces high PRF feed-
through. If the magnitude of the feedthrough is
sufficient to overload the LNA, an LPF would

be required. The amount of phase shift required
to produce a waveform with an average value of
0 Vdc may move the point of measurement far
from quadrature, thereby degrading the accuracy
of the measurement. This effect becomes more
pronounced as the duty cycle is reduced. As the
pulse on time becomes a smaller and smaller per-
centage of the total pulse period, the amplitude
of the pulse on time must be increased more and
more to produce an average value of 0 Vdc. Since
the amplitude of the pulse on time out of the phase
detector is a function of the phase difference at
its input ports (A®yorr), increasing the amplitude
moves the measurement point farther and farther
from the true quadrature point of 90 degrees.
Additionally, moving the measurement point off
quadrature increases the AM sensitivity of the
phase detector, which would further degrade the
accuracy of the measurement.

Figure 16. Compensating for dc offset by adjusting Ad,¢.gr to produce

an average dc value of 0 Vdc
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An alternative approach, which minimizes the
negative consequences previously mentioned, is
to adjust the phase for minimum deviation from
dc offset during the pulse on period, as shown
in Figure 17.

The advantages of this method are:

¢ PRF feedthrough is minimized.

¢ LPF for PRF may not be necessary.

¢ Point of measurement can be as close to
quadrature as the CW case.

However, since the dc offset has not been cancelled
by averaging the waveforms dc value to 0 Vdc,

the average dc value must pass through the LNA—
possibly overloading it and forcing it to be removed
from the measurement path. The negative conse-
quence of removing the LNA, as previously discussed,
is severe degradation of the system noise floor.

—Vdc

Figure 17. Adjusting phase for minimum deviation from dc offset

during pulse on period
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The recommended method for measuring the phase
noise of pulsed carriers in a way that eliminates
the dc offset problem is to pulse both the LO and
RF paths to the phase detector. This technique also
minimizes AM noise problems (AM noise problems
will be discussed in the following section). By puls-
ing both paths to the phase detector, an output is
produced only during the pulse on interval. This
effectively eliminates the dc offset caused by the LO
signal being present during the pulse off interval.

The advantages of this method are:

¢ PRF feedthrough is minimized.

e PREF filter may not be necessary.

¢ Point of measurement can be as close to
quadrature as the CW case.

¢ AM noise contribution is minimized.

The basic block diagram for making a pulsed resid-
ual measurement is shown in Figure 18. Figure 19
shows the basic block diagram for making a pulsed
absolute measurement using this technique. Figure 20
shows the output of the phase detector, at the quad-
rature point, when pulsing both the RF and LO paths
to the phase detector.

1o~~~ Pulse off dc offset
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Figure 18. Recommended configuration for making pulsed residual noise measurement
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Figure 19. Recommended configuration for making pulsed absolute noise measurement
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Figure 20. Phase detector output, at quadrature, when pulsing

both inputs
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LO AM Noise Suppression

Analogous to the single sideband phase noise
definition, AM noise is defined as the noise power
in one AM modulation sideband, divided by the
total signal power, in units of dBc/Hz. AM noise
plays an important role in phase noise measure-
ments because it can affect the accuracy of the
phase noise measurement.

One benefit of a double balanced mixer configura-
tion is the suppression of AM noise associated with
the local oscillator. AM noise components near the
LO signal frequency will produce noise within the
bandwidth of the IF port. Compared to single ended
mixers, converted noise will appear suppressed

in a double balanced mixer by 30 to 40 dB at lower
UHF frequencies, while at microwave frequencies
values of 10 to 20 dB are common. LO AM noise
suppression is also evidenced when a double bal-
anced mixer is operated as a phase detector.

Typically, when measuring the noise of CW signals,
the level of AM noise is well below the level of phase
noise and does not degrade the accuracy of the
phase noise measurement. However, this situation
changes somewhat when attempting to measure
the phase noise of a pulsed carrier.

As previously discussed, under pulsed conditions
the phase detector constant is scaled by the duty
cycle which reduces the level of phase noise seen
on the output of the phase detector. When only the
DUT path to the phase detector is pulsed, LO AM
noise is present at the output of the phase detector
100% of the time while the DUT phase noise is only
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present during the pulse on time. Consequently
the LO AM noise becomes a larger component of the
total measured noise. If both paths to the phase
detector are pulsed the LO AM noise returns to
the same relative level as in the CW case.

Additionally, if only the DUT path is pulsed, the
LO AM noise component will begin to dominate

at very low duty cycles. If both paths are pulsed
the LO AM noise component will always be present
in the same relative level as in the CW case, at all
duty cycles. Therefore, pulsing both paths to the
phase detector allows measurements to be made

at lower duty cycles.

Phase Transients

As a consequence of the pulse modulation process,
the instantaneous phase of the DUT output signal
may undergo rapid fluctuations during turn-on
and turn-off. These rapid fluctuations will appear
as transients at the output of the phase detector,
as shown in Figure 21.

These phase transients can only be observed on

a wideband oscilloscope connected to the AUX
monitor port on the Agilent 11848A Interface. They
cannot be evaluated with a spectrum analyzer on
either the pulsed RF carrier or the AUX monitor
port since a spectrum analyzer provides no informa-
tion about the shape of the waveform in the time
domain. These transients, if present, can have sev-
eral adverse effects on the measurement process.



First, if the amplitude of the transient exceeds
+0.2 Vi at the output of the LNA (equivalent to

4 mV at the output of the phase detector since
LNA gain is equal to 50), the LNA will be removed
from the measurement path, thereby degrading
the system noise floor by 20 to 30 dB. In the 11848A
Interface, LNA overload is monitored by an AC
coupled peak detector on the output of the LNA.
The overload trip point, which has been estab-
lished for CW operation, is set at +0.2 V, at the
LNA output. As shown in Figure 21, the amplitude
of the leading or trailing phase transient may
exceed the CW trip point, but only for a fraction
of the pulse width. Even though the LNA is not
experiencing an overload condition across the
entire pulse width, the system—having sensed an
overload condition—will remove the LNA from

the measurement path. Under pulsed conditions it
is acceptable to leave the LNA IN if no saturation
occurs on that portion of the signal where the
phase noise information is. In order to overcome
this situation, the system—when in PULSE MODE—
gives the operator the capability to override the
hardware overload detector. The operator can tog-
gle the LNA IN or OUT while observing the phase
detector output on the wideband oscilloscope con-
nected to the AUX monitor port of the 11848A
Interface. If that portion of the waveform which
contains the phase noise information (typically
the central portion) shows any signs of saturation,
the LNA must be left OUT. However, if that portion
of the waveform which contains the phase noise

information shows no signs of saturation with the
LNA IN even though the phase transients them-
selves may show signs of saturation—as shown in
Figure 22—the LNA can be left in providing the
remaining LNA IN criteria are satisfied.

Secondly, since the phase transients are coincident
with the pulse they will appear as PRF feedthrough,
which may necessitate the use of a PRF filter. If
the magnitude of the transients cause the LNA to
be overloaded and to be removed from the meas-
urement path by the system, a PRF filter can be
inserted before the LNA. A properly designed PRF
filter will sufficiently reduce the magnitude of the
phase transients so that the LNA can be left in the
measurement path. If a PRF filter is required an
external phase detector must be used, as discussed
in the next section.

Finally, if the phase transients exceed 0.2 radians
for more than 10% of the pulse width, as shown in
Figure 23, the measurement accuracy is degraded.
Under these conditions measurement accuracy can
be determined manually by inserting a phase mod-
ulator into one path to the phase detector, intro-
duce a phase modulation sideband and calibrate
on sideband level. This technique is discussed in
the RF & Microwave symposium paper “Residual
Phase Noise and AM Noise Measurements and
Techniques,” p/n 1000-1126. This paper is available
from your local Agilent sales and service office.

Pulse Width = 5cm
K¢ = 200 mV/RAD
Vert = 20 mV/cm

L1

Figure 21. Phase transients at output
of phase detector as observed on
oscilloscope connected to the AUX
monitor port

Figure 22. Phase transients with sat-
uration as observed on oscilloscope
connected to AUX monitor port

Figure 23. Phase transients exceed-
ing 0.2 radians for more than 10% of
pulse width as observed on oscillo-
scope connected to AUX monitor port
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PRF Feedthrough

Under pulsed conditions an ideal phase detector,
at the quadrature point, would only produce an
output voltage when the pulse is on and there is
a phase difference between the LO and RF inputs.
In the ideal case if there was no phase difference
between the input ports the output would always
be 0 Vdc. No pulse envelope or PRF feedthrough
would be seen. In the ideal case the LPF following
the phase detector would only have to filter off
the sum product of the RF and LO ports. However,
in the practical case, PRF feedthrough will exist.
Throughout this chapter we have discussed two
of the mechanisms which contribute to PRF
feedthrough: phase transients, and moving away
from the quadrature point to compensate for
mixer dc offset. Additionally, since the port to
port isolation of the mixer is not infinite some
carrier feedthrough will exist as a result of the
mixing process itself.

Signal A PRF

LPF Filter
Ag -9 H\F

LO

RF

Quadrature

Signal B Monitor

Figure 24. Proper location of PRF filter in measurement path

3dB Cutoff
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' A 3048 ? 60dB
]
Valid '
Measurement |
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"
: {f
Log
PRF PRF 2 PRF

2

Figure 25. PRF filter response characteristics
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It is the magnitude of the PRF feedthrough which
is of concern in a pulsed carrier phase noise meas-
urement. Too much PRF feedthrough can overload
the LNA and/or the baseband spectrum analyzer,
resulting in measurement accuracy and system
noise floor degradation. Under these conditions
(i.e., excessive PRF feedthrough) an additional
PREF filter can be added to the measurement path
to reduce the magnitude of the feedthrough, as
shown in Figure 24.

The PREF filter should be designed to have the
response characteristics shown in Figure 25.

Phase noise measurements can be
made out to PRF 4z away from carriers

2



The absolute magnitude of the PRF feedthrough
for a given measurement configuration cannot be
empirically determined before the measurement is
attempted. Consequently, the need for a PRF filter
typically manifests itself during the measurement
process. However, experience has shown that for
many measurement configurations the measurement
can be made successfully without a PRF filter. When
a PRF filter is required an external phase detector
must also be used since there is no direct access
to the output of the internal phase detectors in

the 11848A Interface. Figures 26 and 27 show the
recommended hardware configurations for making
pulsed phase noise measurements when a PRF
filter is required.

When PRF feedthrough is excessive and a PRF
filter is necessary, the Watkins Johnson WJM9H
can be used as an RF phase detector from 5 MHz
to 1.6 GHz, and the NORSAL DBM 1-26 can be
used as a microwave phase detector from 1.2 GHz
to 18 GHz.

3048A
Pulse Trigger | wideband

Generator Oscilloscope External Phase
Detector and

PRF Filter

0—IM P d”",”et D.UT. 1

Power oculator |RF |
Splitter | |

|

< Phase | 5\ i Noise Input
Shitter | |
Pulse |
LO
—4-|E:dulator - g _;

Figure 26. Recommended hardware configuration for making pulsed residual measurements

when a PRF filter is required
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Figure 27. Recommended hardware configuration for making pulsed absolute measurements

when a PRF filter is required
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Minimum Duty Cycle

One of the limitations of the Agilent 3048A Phase
Noise Measurement System, when used to make
pulsed carrier phase noise measurements, is the
minimum duty cycle which the system will meas-
ure. Many applications call for measurements at
very low duty cycles (i.e., << 1%), which may be
below the capabilities of the 3048A system. Let’s
briefly discuss what the minimums are and why
they were selected.

The recommended minimum duty cycles for the
supported hardware configurations are:

Agilent 3048A—5% for absolute measurements and
1% for residual measurements
Agilent 3048A/11729C—5% for absolute

For the residual case, 1% was selected to provide
an acceptable noise floor for the measurement.
Using the microwave detector and assuming that
the level of the input signal is at the minimum rat-
ing for the detector (i.e., 0 dBm, which gives the
worst noise floor for the detector), one would get
a phase detector constant of 0.11 volt/radian which
would yield a system noise floor of approximately
-165 dBc. A 1% duty cycle would degrade the noise
floor by 40 dB (i.e., 20 log;y 0.01) to approximately
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—125 dBc. Note that this is a worst case analysis.
If the duty cycle decreases further then the system
noise floor continues to rise. It is possible to meas-
ure lower duty cycles when making residual meas-
urements providing the system noise floor remains
low enough to be useful.

For the absolute case, which uses a PLL to main-
tain quadrature, the criteria is driven by the signal
level necessary to keep the PLL functioning correctly.
The PLL was designed to maintain lock with a min-
imum phase detector constant of 20 mVolts/radian.
At duty cycles less than 5% the amplifiers in the
PLL do not have enough gain to provide the neces-
sary signal level to keep the loop locked. It may be
possible to make absolute measurements at duty
cycles less than 5% if the PLL can maintain lock.

The Agilent 3048A system is guaranteed to operate
correctly at the recommended minimums. Below
the recommended minimums the system may or may
not function correctly. If a measurement is made
below the recommended minimums and the system
operates correctly then the accuracy of the meas-
urement is not in question.



For pulse widths less than 5 microseconds a special
filter needs to be added to the 11848A Interface.
This filter keeps the amplifiers that drive the 3561A
from saturating on harmonics of the PRF. The fol-
lowing special ordering options add this filter to

a new or used 11848A Interface:

3048A-E50: adds filter to new system, order
with system

11848A-H05: adds filter to new 11848A, order
with 11848A

11848A-G05: factory retrofit, adds filter to used
11848A, 11848A must be returned
to factory for filter retrofit

11848A-K05: Field Retrofit Kit. Adds filter to
11848A. Customer installable.
Requires 3585A/B to recalibrate
11848A.

Summary

The phase detector method is the recommended
measurement mode for making residual and
absolute single sideband phase noise measure-
ments on pulsed carriers when using the Agilent
3048A System. This chapter has focused on the
effects a pulsed carrier has on the phase detector
method of phase noise measurement. Taking these
combined effects into consideration, the pulsed
carrier phase noise measurement capabilities of
the 3048A system and the 3048A/11729C combi-
nation are summarized in Table 4.1

Table 4.1 Agilent 3048A and 3048A/11729C Pulsed Carrier
Measurement Capabilities

Capabilities

Absolute Residual
3048A
Frequency range Determined by phase detector (Internal or External)
Minimum duty cycle 5% 1%
Minimum PRF 2 x PTR No Minimum
Noise Floor Phase detector noise scaled by duty cycle
Accuracy +2 dB .01 Hz to 1 MHz offsets

+4 dB 1 MHz to 40 MHz offsets

3048A/11729
Frequency range 10 MHz to 18 GHz, N/A

to mm with specials
Minimum duty cycle 5% N/A
Minimum PRF 2 x PTR N/A
Noise Floor 8662/11729 CW noise N/A

folded by pulse spectrum
Accuracy +2 dB .01 Hz to 1 MHz offsets N/A

14 dB 1 MHz to 40 MHz offsets

Frequency range: The frequency range of the
internal phase detectors is: 5 MHz to 1.6 GHz
(low frequency phase detector) and 1.2 GHz to

18 GHz (high-frequency phase detector). When
using an external phase detector, the carrier fre-
quency range becomes a function of the external
phase detector used. Since the output of the phase
detector/filter combination is at baseband, the
carrier frequency range is determined directly
by the external phase detector used.

31



Minimum Duty Cycle Range: The minimum duty
cycle for absolute measurements is 5% and for
residual is 1%. Recall that in an absolute measure-
ment a control signal for the phase locked loop
must be generated which requires a slightly higher
signal level out of the phase detector.

Minimum PRF range: For a residual measurement,
in which the PLL is not used, there are no mini-
mum PREF restrictions. For an absolute measure-
ment the minimum PRF is determined by the PTR
(peak tuning range). The critical requirement is
that the PRF be well outside the PLL bandwidth.
If the PRF fell within the loop bandwidth, the PLL
would try and respond to it, resulting in an unsta-
ble loop. In the ideal case, the PRF should be an
order of magnitude higher than the bandwidth of
the PLL. In the 3048A system the PLL bandwidth
is derived from the PTR so it is convenient to
express the PRF limitations as a function of the
PTR (recall that the PTR is derived from the tun-
ing characteristics of the VCO source used for

the measurement). For an absolute measurement
the PRF is limited to 2 x PTR (PTR < PRF/2).

32

Noise Floor: For the 3048A system the measure-
ment noise floor (i.e., the noise that would be
measured if the DUT were removed) would be
the phase detector noise scaled by the duty cycle
(i.e., 20 logyo [duty cycle]). For the 3048A/11729C
combination the measurement noise floor would
be influenced by: 1) the phase detector noise
scaled by the duty cycle, and 2) the 8662/11729
or 8663/11729 CW noise folded by the pulse
process. Again, the phase detector noise is scaled
by 20 log;, (duty cycle). As an approximation the
CW noise of the 866X/11729 is scaled by 10 log;g
(# of PRF lines to first null). This is only a rough
approximation. The aliased noise from each PRF
line, scaled by the sinX/X function, would have
to be individually summed at each offset to deter-
mine the actual level of the aliased noise.

Accuracy: The Agilent 3048A System maintains

its specified accuracy of £2 dB for offsets of .01 Hz
to 1 MHz, and +4 dB for offsets of 1 MHz to 40 MHz.
The 3048A/11729C combination has the same
accuracy as the 3048A system.



Chapter 5. Using the Agilent 3048A System to Make Residual
(Two Port) Measurements On Pulsed Carriers

This chapter presents the recommended hardware
configurations and step-by-step measurement pro-
cedures for making residual or two-port phase noise
measurements on pulsed carriers. For a complete
discussion of how pulsing the carrier affects phase
noise measurements and how to address these effects
when using the Agilent 3048A, refer to Chapter 4.

To successfully make a pulsed residual measure-
ment the operator must ensure that the following
items are correct:

1. Hardware configuration
2. Software configuration

Hardware Configuration

The recommended configuration for making pulsed
residual measurements is to synchronously pulse
both paths to the phase detector. Using this approach,
the phase detector only produces an output during
the pulse on interval. This eliminates many problems
which occur when only the DUT path is pulsed.
Figure 28 shows the recommended hardware con-
figuration for making residual measurements. The
hardware configuration shown in Figure 28 assumes
that the source cannot be pulsed. However, if the
source can be pulsed, the pulse modulators can be
removed from the hardware configuration. Pulsing
the source will also synchronously pulse both paths
to the phase detector.

3048A

Trigger Wideband

Pulse

Generator Oscilloscope

AUX Monitor

Phase Detector Inputs

L
IM Pd"'lset D.U.T.
Power odulator

Splitter

'< Phase

Shifter

Pulse .
Modulator| @’

R
Low Pass Filter

—\P

¢ Measurement > PRF/2 unnecessary

¢ Duty cycles > 1%

¢ Noise floor scales with duty cycle
[degrades by 20 log (duty cycle)]

* PRF feedthrough may require PRF filter

Figure 28. Recommended hardware configuration for making pulsed residual measurements

using the Agilent 3048A
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If PRF feedthrough is excessive and a PRF filter is
necessary, an external phase detector/filter combi-
nation is required. The reason for this is that in
the standard 11848A Interface, the phase detector
output is not available at the front panel. When
using an external detector, adding a PRF filter is
just a matter of cabling. External phase detector/
filter combinations (PRF and/or LPF) can be sup-
plied as specials from Agilent. The Watkins-Johnson
WJIM9H can be used as an RF phase detector (5 MHz
to 1.6 GHz), and the NORSAL DBM 1-26 can be used
as a microwave phase detector (1.2 GHz to 18 GHz).

For reasons discussed in Chapter 4, both paths
to the phase detector are pulsed. For f. <2 GHz a
double balanced mixer with a dc coupled IF port
can be used as a pulse modulator. For f. >2 GHz
the Agilent 11720A Pulse Modulator can be used.
The choice of phase shifter, power splitter, and
mixer will depend on the frequency of the meas-
urement. Some common devices are:

Mixer as pulse modulator:
Watkins-Johnson WJM9HC, 10 MHz to 1.5 GHz

Phase shifter:
Agilent 08741-60004 Mechanical Line Stretcher,
2.5 to 3.4 nsec variable delay

0 deg power splitter:
Mini-Circuits MCL ZSCF 2-5 10 MHz to 1.5 GHz,
Pwr max 1 watt
MCL ZAPD-21 500 MHz to 2 GHz,
Pwr max 10 watts
2 GHz to 4.2 GHz,
Pwr max 10 watts

MCL ZAPD-4
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For pulse widths less than 5 usec a special filter
needs to be added to the 11848A Interface to keep
the amplifiers that drive the 3561A from saturating
on harmonics of the PRF (see Chapter 4). A wide-
band oscilloscope is recommended as the quadra-
ture monitor device in order to see phase transients
which may be produced as a result of the modula-
tion process. If the phase transient exceeds 0.2
radians for more than 10% of the pulse width, the
accuracy of the measurement is degraded. Since
the phase transients, if present, are coincident
with the pulse they will appear as PRF feedthrough.
For frequencies up to 4.2 GHz, the Agilent 8665A
Signal Generator is the recommended source. For
frequencies above 4.2 GHz, the Agilent 867X series
of microwave signal generators offer good phase
and AM noise performance.

Software Configuration

The 3048A software can measure two carrier types:
CW and pulsed. When configured to measure pulsed
carriers the software does not monitor quadrature
for residual measurements. The reason for this is
that the PRF lines can confuse the quadrature moni-
toring circuitry in the 11848A Interface. Therefore
the user must manually set and monitor quadrature
using the wideband oscilloscope connected to the
AUX monitor port on the 11848A Interface.

When making pulsed residual measurements the
single-sided spur or double-sided spur calibration
technique must be used if the system is to meas-
ure the phase detector constant automatically.
Refer to the “Residual Phase Noise and AM Noise
Measurements and Techniques” RF and Microwave
Symposium paper for further information on spur
calibration methods. The spur frequency should
be kept below " PRF.



If the equipment required to calibrate using spurs
is not available, the phase detector constant will
have to be measured manually. The reason for this
is that the 11848A circuitry cannot distinguish

a PRF line from the desired beat note. Therefore,
the user must manually measure and enter the
phase detector constant. This is done by adjusting
the phase shifter until the phase detector output
voltage reaches its + and — peak voltage during
the pulse-on time and then calculating the phase
detector constant according to the formula:

Vot + | V=
Kepyrsen = (%

X
T

Step-by-Step Measurement Procedure

The following step-by-step measurement procedure
can be used when making residual measurements
with the Agilent 3048A. Minor modifications will
be required for different carrier frequencies, duty
cycles, PRF's, source type, etc. Two measurement
examples are given using the same fundamental
procedure: 1) a noise floor measurement, and

2) a DUT measurement.

- Note: The boxes in the following text indicate a special function

key as seen on the 3048 CRT display.

SPCL CARRIER
FUNCT TYPE

Select special function key. —=  Select carner type key.

—  Select “Normal” mode.

—

Select DONE to return to
main menu.

Example of how to use step-by-step measurement procedure

3048A
Trigger .
Pulse 20 Widsband AUX Monitor
Generator Oscilloscope
L Pulse Phase Detector Inputs
Power Modulator R |
Splitter Low Pass Filter
Phase * \ =
Shifter
Source Pulse
8663A Modulator @ L

*If phase shifter is unavailable, tune source frequency
and adjust line lengths to set quadrature.

Example 1: Noise Floor using an Agilent 8663A as the source
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PROCEDURE
1. Set up pulse generator
— Set correct output level for pulse modulator.
— Monitor pulse generator output on scope (dc coupled).

— Set pulse period and pulse width for:  Duty cycle =10% =7/T

— Connect pulse generator output to pulse modulators.

2. Set up source
— Carrier frequency 1.5 GHz.
— Amplitude +16 dBm for 5 MHz to 1.6 GHz phase detector.
+10 dBm for 1.2 to 18 GHz phase detector.

3. Set up the 3048A

PRF =20 kHz=1/T

SPCL CARRIER Select Pulse mode
FUNCT TYPE DONE
DEFINE
MSRMNT
TYPE/ Select: — Measurement without PLL DONE
RANGE — 10 Hz
— 100 kHz
— 4 averages
INST Select: — 1.5 GHz carrier frequency. DONE
PARAMS — 1.5 GHz detector/input frequency.
— Internal phase detector 5 MHz to 1.6 GHz or internal
1.2 to 18 GHz phase detector, as appropriate.
CALIBR Select: — Use current detector constant (input nominal constant, DONE
PROCESS 30 mV for RF, 15 mV for microwave, will be measured later).
SOURCE Select: ——1 (o : lis4en
CONTROL | |"F'h seh L] DONE
SOURCE ]
lﬁn's SRCE ’—ﬁ—
MANUAL CNTRL ‘
[ .
Quadrature will be established manually. out :
DEFINE Select: — Title
GRAPH — 10 Hz to 100 kHz DONE DONE

— 0to-170 dBc/Hz
4. Calibrate detector constant

NEW
MSRMNT

— At connect diagram, check hardware/connections.

— Connect scope to Aux Monitor port on 11848A Interface.

— Set scope to monitor waveform.

— Adjust phase shifter to positive peak (on scope) and record.
— Adjust phase shifter to negative peak and record.

— Detector constant = K (+ Vbpk + | =Vbpk |) (Duty Cycle)/2.

PROCEED

PROCESS

DONE

CALIBR — Input detector constant determined above.

— At connect diagram adjust phase shifter for quadrature, monitoring on scope.




5. with measurement

PROCEED

— System will stop at the graph display LNA “IN” or “OUT.”

— IFLNA “0UT”

TOGGLE “IN.”
LNA

phase transients on the pulse.

— If the waveform is undistorted around quadrature, leave the LNA “IN” and
“0OUT” and

TOGGLE
LNA

PROCEED

— System will measure phase noise.

Adjust phase shifter and monitor waveform on scope to determine if the LNA is saturated by the

PROCEED

; otherwise,

Note: Do not move cables during measurement as this will change the results.

6. When the data is complete dump the graph and parameter summary.

SHIFT HARD

copPY

will dump graphics and param summary.

Note the PRF feedthrough, aliasing effects, and any breaks in the graph.

If PRF feedthrough is high and there are breaks in the graph, start a

at the connect diagram to reduce or change the PRF feedthrough.

Pertinent Measurement Parameters

Measurement Type:

Without Phase Lock

REPEAT
MSRMNT

K Detector Method:

and adjust the quadrature point

Entered
21 x10°V/rad

Quadrature established by: Manual Phase Shifter

Start Offset Freq: 10 Hz Detector Constant:
Stop Offset Freq: 100 x 10° Hz
Minimum Averages: 4
Signal Source:
Carrier Frequency: 1.5x10° Hz
Detector Input Frequency: 1.5 x 10° Hz 11848A LNA:
Phase Detector: 1.2 t0 18 GHz
RESID, NOISE FLOCR, BB8B3A, PRF 2BKHZ, 18% DC
3848AR Carrier: 1.SE+9 Hz 24 Jan 1889 15:18:18 - 15:13:29
da

18} -

AEB t ]

-3a |- . e .

—anf L. E

-58 : — .

Y N R .

ek e .

eof -t — ]

—sa —— :
188 o . - - -— ]
-nefp——————- A -

-128 p—
-138 | l ‘ﬁ |
-148 |~
-150 | — ! d '?
-168 | — — -
-178 . :
188 1K 18K
18 L () [dBec~sHzl wvs f[Hz] 188K

8662A Manual
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SETUP

Pulse
Generator

Trigger

3048A

Power
Splitter

="

<

Phase *
Shifter

Pulse
Modulator @' L

“If phase shifter is unavailable. tuhe source frequency
and adjust line lengths to set quadrature

Wideband AUX Monitor
Oscilloscope
Pulse ATTN DUT Phase Detector Inputs
odulator m R

Low Pass Filter

T\~

Example 2: Residual noise of an Agilent 8447D amplifier

PROCEDURE

1. Set up pulse generator
— Set correct output level for pulse modulator.
— Monitor pulse generator output on scope (dc coupled).
Duty cycle=10%=1/T PRF=20kHz=1/T

2. Set up source
— Carrier frequency 1.25 GHz.

Set pulse period and pulse width for:
Connect pulse generator output to pulse modulators.

— Amplitude +16 dBm for 5 MHz to 1.6 GHz phase detector.
+10 dBm for 1.2 to 18 GHz phase detector.

3. Set power into amplifier
— Measure the signal level out of the splitter on the RF spectrum analyzer.

— Attenuate the signal so that the amplifier is operating in its linear region (approximately 30 dB pad for the

8447D Amplifier).
— Connect the attenuated output of the splitter to the amplifier and measure the amplifier output to verify that the
phase detector will not be damaged.

4. Set up the 3048A

SPCL CARRIER
FUNCT TYPE
DEFINE

MSRMNT

TYPE/ Select: —
RANGE -
INST Select: —
PARAMS -
CALIBR Select: —
PROCESS

Select Pulse mode

Measurement without PLL

10 Hz
100 kHz
4 averages

1.25 GHz carrier frequency

1.25 GHz detector/input frequency.

Internal phase detector 5 MHz to 1.6 GHz or internal
1.2 to 18 GHz phase detector, as appropriate.

Use current detector constant (input nominal constant,

30 mV for RF, 15 mV for microwave, will be measured later).

DONE

DONE

DONE

DONE




SOURCE
CONTROL

DEFINE
GRAPH

Select: l.| Phase Shifter|—| OUT DONE
SOURCE____
USERS SRCE
MANUAL CNTRL [ |
[
Quadrature will be established manually.
Select: — Title DONE DONE

— 10 Hzto 100 kHz
— 0to-170 dBc/Hz

. Calibrate detector constant

NEW
MSRMNT

PROCEED

At connect diagram, check hardware/connections.
Connect scope to Aux Monitor port on 11848A Interface.
Set scope to monitor waveform.

Adjust phase
Adjust phase

shifter to positive peak (on scope) and record.
shifter to negative peak and record.

Detector constant = K (+Vbpk + | =Vbpk |) (Duty Cycle)/2.

CALIBR
PROCESS

DONE

PROCEED

— Input detector constant determined above.

— At connect diagram adjust phase shifter for quadrature, monitoring on scope.

with measurement

— System will stop at the graph display LNA “IN” or “OUT.”

IF LNA “0UT”

Adjust phase

TOGGLE “IN.”
LNA

shifter and monitor waveform on scope to determine if the LNA is saturated by the

phase transients on the pulse.

If the wavefor

TOGGLE
LNA

m is undistorted around quadrature, leave the LNA “IN” and
“0OUT” and

PROCEED

PROCEED

System will measure phase noise.

Note: Do not move cables during measurement as this will change the results.

; otherwise,
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7. When the data is complete dump the graph and parameter summary.

SHIFT HARD will dump graphics and param summary.
CopPY

Note the PRF feedthrough, aliasing effects, and any breaks in the graph.

If PRF feedthrough is high and there are breaks in the graph, start a REPEAT and adjust the quadrature point
MSRMNT

at the connect diagram to reduce or change the PRF feedthrough.

Pertinent Measurement Parameters

Measurement Type: Without Phase Lock K Detector Method: Entered

Start Offset Frequency: 10 Hz K Detector Constant: 12 x 10°*V/rad

Stop Offset Freq: 100 x 10° Hz

Minimum Averages: 4 Quadrature established by: Manual Phase Shifter
Signal Source: 8662A Manual

Carrier Frequency: 1.25 x 10° Hz

Detector Input Frequency: 1.25x 10° Hz 11848A LNA: In

Phase Detector: 5 to 1600 MHz

84470 AMP LSDB NF, BEG63A SRC, SWITCH, 1@% DC, 2@ KHZ PRF

19488 Carrier: 1.25E+9 Hz 26 Jan 1989 16:15:45 — 16:18:26
2 T T T T T 1 T T T T r
-39
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~50 - -
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Chapter 6. Using the Agilent 3048A System to Make Absolute

Measurements on Pulsed Carriers

This chapter presents the recommended hardware
configurations and step-by-step measurement pro-
cedures for making absolute phase noise measure-
ments on pulsed carriers. For a complete discus-
sion of how pulsing the carrier affects phase noise
measurements and how to address these effects
when using the Agilent 3048A, refer to Chapter 4.
The recommended hardware configuration for using
the Agilent 11729C Carrier Noise Test Set as a low
noise downconverter for the 3048A will also be
discussed.

To successfully make a pulsed absolute measure-
ment the operator must ensure that the following
items are correct:

1. Hardware configuration
2. Software configuration

Hardware Configuration

The recommended hardware configuration for
making pulsed absolute measurements using the
3048A System is shown in Figure 29.

The pulsed absolute measurement has the same
special concerns as the pulsed residual measure-
ment. Again, measurement offsets are useful to
half the PRF, the noise floor scales with duty cycle
and a PRF filter may be required to prevent over-
loading the LNA and baseband spectrum analyzer.
Minimum duty cycle for a pulsed absolute meas-
urement is 5% with the 3048A. This is higher than
for a residual measurement due to the fact that

a control signal for the phase locked loop must be
generated which requires slightly higher signal
levels out of the phase detector.

3048A
Trigger . .
Pulse = Wideband AUX Monitor
Generator Oscilloscope
PulsedDUT * “If DUT does not have internal pulse modulator then

output of pulse generator.

put pulse modulator in "R” path and connect to

Phase Detector Inputs

av

Reference Source

Pulse
Modulator

R
Low Pass Fiiter

—|>

&V,

¢ Measurement > PRF/2 unnecessary

¢ Duty cycles >5%

¢ Noise floor scales with duty cycle

[degrades by 20,,4(duty cycle)]

Tune Voltage Output

¢ PRF feedthrough may require PRF filter

Figure 29. Recommended hardware configuration for making pulsed absolute measurements

using the Agilent 3048A
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Software Configuration

The Agilent 3048A software can measure two
carrier types: CW and pulsed. When configured

to measure pulsed carriers the software disables
the zero beat routine for absolute measurements
using the phase locked loop. This means that the
operator must manually zero beat the sources to
within 10% of the peak tune range. Additionally
the user must select the “ignore out of lock” mode
for the 3048A software. When “ignore out of lock”
mode is selected all of the troubleshoot mode func-
tions are enabled and the system will not check
for an out of lock condition before or during a
measurement. The “ignore out of lock” mode must
be selected because of the PRF feedthrough. The
out of lock circuitry will detect the PRF lines and
interpret them as beatnotes. The presence of a
beatnote indicates the loop is not phase locked.

If the system was operating normally and an out
of lock indication was detected the measurement
would be stopped. When “ignore out of lock” mode
is selected the operator is responsible for ensuring
that phase lock is maintained during the measure-
ment. This can be accomplished by connecting a
wideband oscilloscope to the AUX monitor port
on the 11848A Interface to verify the absence

of a beatnote and to monitor the dc output level
during the measurement.

The VCO tuning sensitivity cannot be measured
under pulsed conditions, again due to the fact that
the system cannot differentiate between a beat
note and a PRF line. Consequently the VCO tuning
constant must be entered manually. It can be deter-
mined from a CW measurement and entered for

a pulsed measurement, or it can be known (as in
the case of a signal generator) and entered into
the system.

The peak tuning range (PTR) must be <PRF/2,
otherwise when the phase detector constant is
measured the beatnote will be confused with
the PRF lines. This also guarantees that the PLL
bandwidth will be less than the frequency of the
PRF which is necessary for stability. If any of
the PRF lines fell within the PLL bandwidth, the
PLL would try to respond to their presence and
the loop would become unstable.

Step-by-Step Measurement Procedure

The following step-by-step measurement procedure
can be used when making pulsed absolute meas-
urements with the 3048A. Minor modifications will
be required for different carrier frequencies, duty
cycles, PRFs, source type, etc.

-« Note: The boxes in the following text indicate a special function

key as seen on the 3048 CRT display.

SPCL
FUNCT

= ] =]

CARRIER
TYPE

| DONE |

Select special function key. —»> Select carrier type key.

—  Select “Normal™ mode.

—

Select DONE to return to
main menu.

Example of how to use step-by-step measurement procedure
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SETUP

3048A

AUX Monitor

Phase Detector Inputs

R Low Pass Filter

N\

Trigger Wideband
Pulse Oscilloscope
Generator
BuUT
8663A
Pulse
/\/ Modulator
Reference Source
8663A
Pulse
/\/ Modulator

External Reference Input

Source Output 10 MHz A

Example 1: Agilent 8663A versus 8663A Pulsed Source Measurement

PROCEDURE

1. Set up pulse generator

2. Set up sources
— Carrier frequency 1 GHz.
— Amplitude +16 dBm for 5 MHz to 1.6 GHz phase detector.
+10 dBm for 1.2 to 18 GHz phase detector.

3. Set up the 3048A

SPCL CARRIER
FUNCT TYPE
MODE
DEFINE
MSRMNT
TYPE/ Select: —
RANGE -
INST Select: —
PARAMS -

Set correct output level for pulse modulator.

Monitor pulse generator output on scope (dc coupled).

Set pulse period and pulse width for:  Duty cycle =10% = 1/T
Connect pulse generator output to pulse modulators.

Select Pulse mode

Select: Ignore Out-of-Lock

Measurement with PLL
10 Hz

40 MHz

4 averages

1 GHz carrier frequency.

1 GHz detector/input frequency.
Entered Kycg (as appropriate).”
Center voltage: 0

Tune range (as appropriate)

Phase Detector: 5 MHz to 1600 MHz

* The VCO Tuning Sensitivity cannot be measured under pulsed conditions. If the tuning sensitivity
is not known accurately, measure the tuning sensitivity CW and enter the value.

PRF =20 kHz =1/T

DONE

DONE

DONE
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Note: Verity that the PTR = Ky¢o x Tune Range <PRF/2

CALIBIR Select: — Measure the detector constant.

PROCESS — Use current Tune Constant (enter) or Compute from entered Kycq DONE

— Phase Lock Loop WILL be verified.

SOURCE Select.  up T i 05 . e DONE
CONTROL USER'S SRCE :
MANUAL CNTRL

.

__REF SOURCE, ;
B8663R
SYSTEN CNTRL _
__TIME BASE :
' TUNE YOLTAGE

10 MHz A’
SYSTEM CNTRL

]

DEFINE Select: — Title

GRAPH — 10 Hz to 40 MHz DONE DONE

— 0to—-170 dBc/Hz

4. Calibrate detector constant

NEW
MSRMNT

— At connect diagram, check hardware/connections.

— Connect scope to Aux Monitor port on 11848A Interface.

— Set scope to monitor waveform.

— Verify that the beatnote is at “zerobeat.” In pulse mode for source measurements the system
will not verify zero beat and this must be done manually.

— Observe the beatnote on the 3561 while tuning the signal generator frequency to produce
a beatnote that is <10% of the PTR.

PROCEED

5. PROCEED with measurement

— System will measure the phase detector constant and display the detector constant and approximate
system noise floor.

— The system will determine whether or not to leave the LNA IN or OUT. Observe the pulse waveform on the
oscilloscope, and toggle the LNA IN. If the waveform peak is less than 500 mV and it is not compressed
or clipped severely, leave the LNA in and continue with the measurement.

PROCEED

— System will measure phase noise.

6. When the data is complete dump the graph and parameter summary.

SHIFT HARD will dump graphics and parameter summary.
CopPYy

Note the PRF feedthrough, aliasing effects, and any breaks in the graph.
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Pertinent Measurement Parameters

Measurement Type:
Start Frequency:
Stop Frequency:
Averages:

Carrier Frequency:

Detector Input Frequency:

Entered Kyco:
Center Voltage:
Tune Range:
Phase Detector:

K Detector Method:
K Detector Method:

SBE3R VS BEB3A 18 MHZ A,

3@848A Carrier: |.E+9 Hz

Phase Locked
10 Hz

40 x 10° Hz

4

1x10°Hz
1x10°Hz

1.7 x 10° Hz/volt
10 x 10~ Volts
+2 Volts

5 to 1600 MHz

Measured
40.24 x 10 V/rad

8 Mer 1988 10:30:29 - 18:43:82

28 KHI PRF,

cho Method:
Kvco:

Loop Suppr.:
Clsd PIl Bw.:

Peak Tuning Range:

Assumed Pole:

D.UT.:

Reference Source:
Ext. Timebase:
Down converter:

11848A LNA:

-1@@f---
-8
ITT-] .
—13ef e
JTT-1
-isef--

RPN SR

-178

iea 1K

. -
1aK 1BBK

e L ¢f) [dBorHz) vs fIHz)

a@m

Entered
1.7 x 10 Hz/Volt

Verified
216.9 Hz
2.58 x 10° Hz
738 Hz

User's Source, Manual
8663A, SYS

10 MHz ‘A" SYS, VCO
Not in use

In
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Using the Agilent 11729C with the 3048A

The recommended configuration for using the
11729C Carrier Noise Test Set to make absolute
phase noise measurements on pulsed microwave
carriers is to use it in conjunction with the 3048A
system. In this configuration the 11729C is used

as a low noise downconverter for the 3048A system.

When either the 11729C/8662A or the 11729C/
8663A is used as a low noise downconverter for
the 3048A, only the microwave downconversion
components in the 11729C are utilized. The pulsed
microwave DUT is downconverted against the
640 MHz combline, and the IF output is phase
detected in the 11848A Phase Noise Interface.
None of the phase detector or phase lock loop cir-
cuitry in the 11729C is used in this configuration.
In this configuration the 3048A controls the phase
locked loop and drives the spectrum analyzers.
The 3048A system software automatically compen-
sates for loop suppression and spectrum analyzer
effects. When the 11729C/866X is used as a low
noise downconverter for the 3048A, the user has

a calibrated, specified, automated measurement
system with the lowest noise microwave reference
available from Agilent.

When the 11729C is used in conjunction with the
3048A, the accuracy of the measurement is speci-
fied at £2 dB to offsets <1 MHz, and *4 dB at off-
sets from >1 MHz to <40 MHz. The recommended
hardware configuration for making pulsed absolute
measurements using the 3048A/11729C is shown
in Figure 30.

If a PRF filter is required, an external phase detec-
tor with PRF filter can be supplied as a special
from Agilent.

The IF amplifier in the 11729C is a very high gain
amplifier, so there is the possibility that during
the pulse off interval there will be high level broad-
band noise on the IF output of the 11729C, which
could potentially degrade the measured noise. If
this is the case then one solution is to pulse (syn-
chronous with the DUT) the other path into the
phase detector. As discussed in Chapter 4, pulsing
both paths into the phase detector also eliminates
many problems associated with pulsing only the
DUT path.

3048A
Wideband AUX Monitor
Oscilloscope
Pulsed
DuT 11729C
Phase Detector Inputs
Microwave IF Qutput ase - P
Test Signal 5-1280 MHz
Low Pass Filter
640 MHz In
8662A/3A
with Opt. 003
640 MHz Out RF
Out
EFIE Tune Voltage Output

Figure 30. Recommended hardware configuration for making pulsed absolute measurements

using the Agilent 3048A/11729C
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Interpreting the Results

Figure 31 shows several plots of pulsed absolute
phase noise measurements of an Agilent 8673D
synthesizer. The graph on the top has a pulse width
of 100 nanoseconds, a PRF of 1 MHz and a duty
cycle of 10%. Note the 1 MHz and integer multiples
of the PRF. If the phase noise of the pulsed meas-
urement is compared to a CW measurement, one
can see that the phase noise is identical out to
300 kHz and then the noise contributions from
the PRF lines can be seen.

The phase noise plot on the bottom is the same
source at a 10% duty cycle, but the PRF is now
10 kHz and the pulse width is 10 microseconds.
The first PRF line appears at 10 kHz. One would
expect the measured noise to be identical to that

86730 VS B673D-/EFC BOTH PLSED 188 NS, 1M PRF, 18X
3048A Carrier: 10.€+9 Hz 16 Aug 1988 14:54:42 - 15:@2:39
-1e
-20
-30
-48
-58
s 1
70 e
oo Al
-390
-190
-118
-120 SVALVAY
-13
-140
-158
~1E68
-178
10 198 1K lex 188K ™ 1eM
1 L (f) [dBesHzl vs fILHz] 48M
86730 VS BBYV3D/EFC BOTH PLSED 1@ US, 1BK PRF, 18X
2 3848A Carrier: 18.E+3 Hz 16 Aug 1988 15:34:31 ~ 15:42:06
ERY'Y S
-20 ]
-30
—4p TN
oo Pen | W
60 B S N
el | T
s WL
-90 o Il.u
~1e@
~11@
-120
-130
-14@
-150 P
-15@
-17@
19 190 1K 12K 108K 1M 19M

1 L (f) [dBecrsHz1 vs flHzJ] 4BM

Figure 31. Pulsed synthesizer absolute phase noise plots

of the CW case out to an offset frequency of 5 kHz
(i.e., 2PRF), but on close inspection we see that
the noise is the same out to only 1 kHz due to the
sampling down or aliasing of noise at offsets above
5 kHz. Notice on the 1 MHz PRF plot that there

is a significant spur at approximately 6 kHz. This
spur is also present on the 10 kHz PRF plot but
there is now a second spur at an offset of 4 kHz.
This new spur is due to mixing of the 10 kHz PRF
and the 6 kHz spur, causing a mixing induced spur
at 4 kHz (the difference frequency). The break in
the graph at 5 MHz is due to the fact that the PRF
lines are too close together to be resolved by the
spectrum analyzer. The RBW and the VBW of the
spectrum analyzer could be adjusted to resolve
these spurs by changing the segment table in the
Agilent 3048A system software.
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Chapter 7. Using the Agilent 3048A System to Make AM Noise

Measurements on Pulsed Carriers

This chapter presents the recommended hardware
configurations and step-by-step measurement pro-
cedures for making AM noise measurements on
pulsed carriers. For a complete discussion of the
problems and workarounds associated with making
pulsed carrier phase noise measurements using
the Agilent 3048A, refer to Chapter 4.

To successfully make a pulsed AM noise measure-
ment the operator must ensure that the following
items are correct:

1. Hardware configuration
2. Software configuration

Hardware Configuration

The recommended hardware configuration for
making AM noise measurements using the 3048A
System is shown in Figure 32.

The inside/outside dc block prevents ground loops.
Ground loops can introduce additional noise into
the measurement which would degrade the accuracy
of the measurement. The AM detector consists of

a low barrier Schottky diode detector and a filter
network. The Schottky diode detectors will handle
more power than the point contact detectors, and

are equally sensitive and quiet. The AM detector
filter network prevents the dc voltage component
of the demodulated signal from saturating the sys-
tem’s low noise amplifier, and also sets the detec-
tor dc bias. Since this measurement is essentially
doing envelope detection of the DUT signal, PRF
feedthrough will be very high. This PRF feedthrough
will overload the LNA, so a PRF filter is required
to reduce the level of the PRF feedthrough.

As in the phase detector measurement, the AM
detector must be calibrated. Most DUTs do not
have calibrated AM modulation. It is usually neces-
sary to substitute a second pulsed source with cali-
brated AM modulation in order to calibrate the

AM detector. The basic calibration techniques are
documented in the “Residual Phase Noise and

AM Noise Measurements and Techniques” RF &
Microwave Symposium Paper, p/n 1000-1126, avail-
able from your local Agilent sales office. The calibra-
tion methods are the same under pulsed conditions
as under CW conditions with the caution that the
calibration sidebands be <PRF/4.

DUT
OOt.g j‘123 gI'B'l;n 3048A
lnsidbcl;/!gluatside 33330D 0134}8(21 PRF .
DC Block ﬁ Detector | AM Detector -—‘ Low Pass}—{ Noise Input
Model 4563 Filter Filter

Figure 32. Recommended hardware configuration for making pulsed AM noise measurements
using the Agilent 3048A
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AM noise measurements are basically source meas-
urements. The residual AM noise of a two-port
device can be calculated by measuring the source’s
AM noise, then subtracting that from the measured
output noise of the DUT, or by verifying that the
source AM noise is less than the measured residual
noise. The noise floor of this technique is the sum
of the noise floor of the source and the measure-
ment system.

Software Configuration

Pulsed AM noise measurements can be made
using either CW carrier type or pulsed carrier
type. The advantage of the pulsed carrier type is
that it provides LNA control during calibration
and measurement.

The system should be set to NORMAL mode.

Step-by-Step Measurement Procedure

The following step-by-step measurement procedure
can be used when making pulsed AM noise measure-
ments with the Agilent 3048A. Minor modifications
will be required for different carrier frequencies,
duty cycles, PRFs, source type, etc.

-« Note: The boxes in the following text indicate a special function

key as seen on the 3048 CRT display.

SPCL CARRIER

Select special function key. —»  Select carrier type key

—»  Select “Normal” mode

—  Select DONE to return to

main menu.

Example of how to use step-by-step measurement procedu

re

3048A
Pulse Wideband AUX Monitor
Generator Oscilloscope
DUT
8663A
In/Out Ont.
Puise | 1"nc | sassoc | °P" | PRF L1 Noise Input
Modulator Block K21 LPF
SETUP

¢ Inside/outside dc block prevents ground loops.
¢ K21 provides detector bias and blocking cap.

* LPF filters PRF feedthrough.

Example 1. Pulsed AM Noise Measurement of the Agilent 8663A
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PROCEDURE

1. Set up pulse generator

Set correct output level for pulse modulator.

— Monitor pulse generator output on scope (dc coupled).

Set pulse period and pulse width for:  Duty cycle =10% =1/T  PRF=20kHz=1/T
Connect pulse generator output to pulse modulators.

2. Set up source (Calibrate and measure AM noise on same source)
— Carrier frequency 2 GHz.
— Amplitude +16 dBm for 5 MHz to 1.6 GHz phase detector.
+10 dBm for 1.2 to 18 GHz phase detector.

3. Set up the 3048A

SPCL CARRIER Select Pulse mode”
FUNCT TYPE DONE
DEFINE * Pulsed AM noise measurements can be made using normal or pulsed mode.
MSRMNT Pulse mode provides LNA control during calibration and measurement.
TYPE/ Select: — AM Noise measurement DONE
RANGE — 10 Hz
— 100 kHz
— 4 averages
INST Select: — 2 GHz carrier frequency. DONE
PARAMS — 2 GHz detector/input frequency.
— Select external phase/AM detector.
CALIBR Select: — Double-sided Spur Method. DONE
PROCESS (Input AM rate and approximate sideband level; system will calculate
appropriate % AM for sideband level using:
AM sideband level (dBc) = (20 log (%AM/100)) —6).
SOURCE Select: : 11846A
CONTHOL DUT SQURCE AN DETECTOR : PONE
" .
[USER"S SRCE USERS DEV. [ NotSE tNPUT
MANUAL CNTRHHRNUHL CNTRL : :
(AL SOURCE
8663A
SYSTEM CNTRL
DEFINE Select: — Title
GRAPH ~ 10 Hz to 100 kHz DONE DONE

— 0to-170 dBc/Hz

4. Calibrate detector constant

Most sources do not have calibrated AM modulation, it is usually necessary to substitute a second pulsed source
with AM modulation in order to calibrate the AM detector. The basic calibration techniques are documented in the
“Residual Phase Noise and AM Noise Measurements and Techniques” paper. The calibration methods are the same
under pulsed conditions as under CW conditions with the caution that the calibration sidebands be <PRF/4.

The challenge for a pulsed AM measurement is to determine the correct power level to set on the pulsed calibration
source. To set the calibration source power level:
— Connect the pulsed source under test output of the AM detector to the scope (50 €2) at the CONNECT DIAGRAM.
— Measure peak voltage of pulsed source under test.
— Remove Source Under Test and substitute Calibration source.
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— Set pulsed calibration source output to the same peak level and duty cycle measured for the source under test.
— Turn on AM and proceed with detector calibration.

NEW
MSRMNT

PROCEED

At connect diagram, check hardware/connections.
Connect scope to Aux Monitor port on 11848A Interface.

— Set scope to monitor waveform.

PROCEED

Verify that the calibration source is connected and AM is set.

with calibration

— System will measure the calibration tone and display the detector sensitivity and system noise floor.

6. Connect diagram

— Disconnect the calibration source and replace with the source under test or simply turn off AM.

PROCEED

with the AM noise measurement.

7. When the data is complete dump the graph and parameter summary.

SHIFT

HARD
COPY

will dump graphics and parameter summary.

— Note the PRF filter cutoff.

Pertinent Measurement Parameters

Measurement Type: AM Noise K Detector Method:
Start Frequency: 10 Hz Spur Amplitude:
Stop Frequency: 100 x 10° Hz Spur Frequency:
Minimum Averages: 4 K Detector Constant:
Carrier Frequency: 2 x 10° Hz OUT Source:
Detector Input Frequency: 2 x 10° Hz Cal. Source:
Phase Detector: External AM Detector:
Agilent 11848A LNA:

B663AR AM EXT PULSE 20 KhZ PRF, 19% DC

LN ] O

20

3848R Carricr: 2.E+49 Hx 7 Mer |989 PB8:58:03 - @8:05:55

(4%
~30f---
—-408---

1)

—saf-
-78
]
-99

—1oaf.--

-tiof--

EL] o

-1z -

~t4af.-

-1sof--

~1B@ - omrerenrnan N EETrTrT pessssnrannnnnetiees fooseennnneneesie
b H i

AR EY ST ST TN

~178

=S

S

1K 18K

[dBc Hz1 vs f{Hzl LaeK

Double Sided Spur
-14.515 dBc

5x 10° Hz

6.231 x 10~ V/rad

User’s Source, Manual
8663A, SYS

User's Device, Manual

In
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Agilent Technologies’ Test and Measurement

Support, Services, and Assistance

Agilent Technologies aims to maximize the value you receive,
while minimizing your risk and problems. We strive to ensure
that you get the test and measurement capabilities you paid
for and obtain the support you need. Our extensive support
resources and services can help you choose the right Agilent
products for your applications and apply them successfully.
Every instrument and system we sell has a global warranty.
Support is available for at least five years beyond the produc-
tion life of the product. Two concepts underlie Agilent’s
overall support policy: “Our Promise” and “Your Advantage.”

Our Promise

“Our Promise” means your Agilent test and measurement equip-
ment will meet its advertised performance and functionality.
When you are choosing new equipment, we will help you with
product information, including realistic performance specifica-
tions and practical recommendations from experienced test
engineers. When you use Agilent equipment, we can verify that
it works properly, help with product operation, and provide
basic measurement assistance for the use of specified capabili-
ties, at no extra cost upon request. Many self-help tools are
available.

Your Advantage

“Your Advantage” means that Agilent offers a wide range of
additional expert test and measurement services, which you
can purchase according to your unique technical and business
needs. Solve problems efficiently and gain a competitive edge
by contracting with us for calibration, extra-cost upgrades, out-
of-warranty repairs, and on-site education and training, as well
as design, system integration, project management, and other
professional services. Experienced Agilent engineers and tech-
nicians worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent instruments
and systems, and obtain dependable measurement accuracy
for the life of those products.

By internet, phone, or fax, get assistance with all your
test and measurement needs.

Online Assistance
www.agilent.com/find/assist

Phone or Fax
United States:
(tel) 1800 452 4844

Canada:
(tel) 1877 894 4414
(fax) (905) 206 4120

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Latin America:
(tel) (305) 269 7500
(fax) (305) 269 7599

Australia:
(tel) 1 800 629 485
(fax) (61 3) 9210 5947

New Zealand:
(tel) 0 800 738 378
(fax) (64 4) 495 8950

Asia Pacific:
(tel) (852) 3197 7777
(fax) (852) 2506 9284
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