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ABSTRACT
Phase fransients +that occur In microwave
local oscillators are dlscussed. The harmful

effects of these transients on coherent dlgital
transmission are evaluated, with emphasis placed on
complex modulatlon schemes such as 64 QAM or 256
QAM. The sources of phase transients are Identl-
fled, and the methods that quantify these +tran-
sients are presented along wlith procedures that
ensure phase +transient free operation of local
osclllators.

INTRODUCT I ON

Bandwidth efficlent digital radio transmis-
slon demands complex modulation schemes. 64 QAM
with 4.55 blits/sec/Hz bandwidth efficlency Is now
widely used In long haul, high capaclity microwave
transmission systems. More <complex modulation
schemes such as 256 QAM are currently at the deve~-
lopement stage.

As the number of states Increase and more
Information is transmitted, it is increasingly dif-
flcult to distinguish between states in the pre-
sence of noise which corrupts the recelved signale.
One of the sources of degradation of the received
signal Is the local oscillator (LO) phass nolse.
LO phase nolse Iis wusually specified In terms of
long and short term frequency stabilities. These
parameters are well known, predictable, weasily
speclfied measured and met.

There Is, however, another abnormal type of
LO phase instabllity, that being Phase Transients
(PT). A PT may be defined as a temporary LO phase
Instability which 1Is not +tracked by, the carrier
recovery loop of the recelver demodulator. A PT is
an unpredictable, rare, and short Iived event. The
causes of these events are many and varied thelir
measurement and diagnosis Is difficult. PT's may
originate externally or Internally to the LO. This
paper discusses the sources of PT's and their
detrimental effects, particularly In diglital
systems with data traffice. I+ Is shown that
digitized volice transmission Is qulite Immune +o
rare PT's. Test methods that quantify PT's are
presented along with methods of provoking them In
LO's by thermal and mechanical shocks, and power
supply transients.

EFFECTS OF PHASE TRANSIENTS

The effects of LO phase transients on the Bit
Error Rate (BER) of a digital transmission can be
evaluated by rotating the constellation of signal
states as shown In Figure ! for 64 QAM. The extend
of the degradation of the BER depends on the fol-
lowing factors:

a) Phase Transient Amplitude and Duration

A PT will cause errors when Its peak value
exceeds a certaln threshold @e, which brings at
least some of the signal states within the boundary
of adjacent ones. The value of Je for several high
order modulation schemes are given in Table 1.

b) Modulation Scheme

As the angular spacling between states
decreases In higher modulation schemes, the error
transient amplitude necessary +to cause errors

decreases also. In the case of M=-ary PSK, the
angular spacing Is equal for all states, and If a
PT exceeds Je, all states will be In error. In QAM

systems, fthe corner states are the most sensitive.
From Table 1, i+ is apparent that QAM systems are
less sensitive than PSK systems and that the
sensitivity Increases with the complexity of
modulation.

c) Presence of Noise

A noisy received signal results in higher
system sensitlivity to PT's. Terrestrial microwave
radlo under no fade conditions operates virtually
error free. BER's of 10-20 are common. Since
deep fade and LO phase transients are Independent
events of very low probability, the case of PT's In
the presence of nolse may be neglected.

d) Type of Transmitted Information

In a 135 Mb/s transmission system, a PT of
100 usec duration and sufficient ampliitude results
In a block of 13,500 errors. This has a serious
effect on data transmission. Framing bits are lost
and necessary reframing causes still more errors.
Digitised voice transmission Is much more tolerant.
The - sampling Interval + Is 125 usec and the
previously mentlioned PT would cause the loss of
roughly one sampling interval with I|ittle effect,
since there are 8000 samples in a second.
A PT of sufficlient amplitude and duration may
Interfere with clock and carrier recovery clirculits,
thus disrupting the demodulation process entirely.
PT's must be kept well below leves causing errors
(Table 1) or better yet, the sources of PT's must
be eliminated completely.

SOURCES OF PHASE TRANSIENTS

A PT 1Is a phase tracking error de(t) of the
carrler recovery PLL most commonly caused by the
step changel&f of the LO frequency. The phase
error of the second order loop with an active
filter is shown In Figure 2. The peak value Is
proportional to the frequency step and is a
function of the |oop parameters. Due to other
considerations such as phase noise and acqulisition
time, the Iloop cannot be optimized to minimize
frequency stepse



Instead, PT control must be achieved by
controlling the sources of these transients.
undesired frequency steps must be kept below

The
the

values shown In Table 2, This |is a demanding
requlirement considering +the relative frequency
change. For example, I+ is 0.3 ppm for an 11 GHz
LO in a 64 QAM system.

Frequency steps can be generated by all com=-

ponents or mechanical structures which effect the
LO frequency and are not absolutely stable. This
general statement refers to instablilities of short
duration and rare occurence over long perlods of
time and varied environmental conditions.

The following are some of the sources of PT's
within the LO:

a) mechanlcal contacts within the oscillator
resonator;

b) contacts within the frequency tuning
mechanism;

¢) contacts within frequency multipliers, output

Isolators and amplifiers;
d) wunrellable solder Jolnts;
e) defective components.
Sources external to the LO are:

a) wunstable RF load impedance (frequency
pulling);
b). unstable reference crystal oscillator monitor

load Impedance;
c) unstable power supply voltage (frequency
pushing);
d) electromagnetic
e) mechanical

Interference;
shocks and vibrationse.

Diagnosing the sources of PT's within the LO,
particularly those of rare occurence, is a diffi-
cult and tedious task. By proper LO mechanical
design, selectlion of components and processes, PT's
can be eliminated.

Sources external! to the LO are much easler to
Identify and control. The PT's that are due to
these sources are more easlily predictable and can
be reporduced by quantifiable external excltations.

I'n this manner, they can be controlled by
eliminating or controlling the excitations and by
Increesing the Isolatlion of the LO, and/or by

isolating the excitations within the LO.

TESTING PROCEDURES

I'n order to contro! and suppress the genera-
tlon of phase transients, adequate techniques must
be established for their measurement and
characterization. These technliques serve as
diagnostic toois at +the deslign stage,
screening methods in manufacturinge.

and as

Flgure 3 shows the LO PT and microphonic sen-
sitivity test set. I+ captures and displays short
transients. The test set Is callbrated by opening
the loop and measuring the beat tone peak to peak
voltage which corresponds to 360° phase shift.
There are several types of excltations that can be
applied to cause PT's to occur so that the LO

response may be measured and recorded. Some
excitations, such as mechanical shocks, vibrations
or DC +transients, produce repeatable responses.

PT's +hat originate within the LO are best excited
by temperature changes or locallzed pressure. They
occur randomly with varying amplitude and shapes.

Figure 4 shows a typical LO response to me-

chanical shocks Figure 5 shows LO response +to
mechanical vibration in +the frequency domain.
Sharp multiple resonances of the LO mechanical

structures are visible. Figure 6 shows typical PT
exclited by temperature change caused by mechanical
contact. In LO's with PLL frequency control, the

testing may be simplilified by monitoring the
internal loop control voltage transients, providing
the LO and carrier recovery loops have the same
parameters. Flgure 7 shows +fransients measured

wilth the test set shown in Figure 3 (top trace) and
using the internal PLL (lower trace). Excellent
correlation is apparent. PT measurement can be
simplified further by measuring the peak value of .
the translient. This method provides single
numerical results which are Ideal for comparison or
go/no go testing.

The ultimate LO testing procedure Is a system
performance test. A system showing such a test
set Is shown in Figure 8. Sixteen LO's may be
tested at a time, with +the possibllity of adding
more, I1f necessary. The LO's are placed in a
chamber and they undergo multiple shock cycles
ranging In temperature from =20° to +65° Celcius.

Actual transmitted Information Is being
monitored, along wlth other data, such as
frequency, power, PLL stress voltage and
temperature. If a PT occurs that causes framing
information to be lost, a frame loss Is declared by
the radio receive signal processing equipment. The
Information Is collected by the tes+t computer and
the LO Is declared to have failed the test.

In this manner, it can be assured that units
that pass the test will perform perfectly In
service with no unwanted phase transients.

CONCLUS I ONS
Control of Instablilities In
digital radio LO's was discussed. Data transmis-
sion Is very sensitive to these Instabilities.
They must be primarily prevented rather than accu-
rately monitored, measured and assessed. Sources
and the mechanisms responsible for phase transient
generation must be known In order to eliminate
them. For +this purpose, LO's are tested under
stressed conditions. Test methods and some results
were presented.

transient phase
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Figure 3 LO Phase transients and microphonic
5 sensitivity test set
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Figure 4 LO Phase transient response to
mechanical shock.
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Flgure 1 64 QAM constellation of signal
states with carrier recovery PLL
phase Error @e causing erroneous
reception of the most sensitive
corner states.
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Flgure 2 Transient phase error @de (t) due to
step frequency W forsecond order

PLL with active filter.



gure & .0 Pnase translents excited by

Flgure 7 LO Phase tfransient measured with
Temoerature change and caused by test set of Fig. 3 (top trace) and
mechanical contact 36°/Div, 100 using the internal LO PLL (lower
usec/Div trace).
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Flgure 8 Environmental test set +to verify
system performance of LO's under
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