THE INJECTION-LOCKED-OSCILLATOR AS A MICROWAVE AMPLIFIER OF MSK MODULATED SIGNALS -

PART II

Surinder Kumar, W.J. Chudobiak, J.S. Wight

Department of Electronics
Carleton University
Ottawa, Ontario, K1S 5B6, Canada

ABSTRACT

Because of its phase continuous nature a Minimum-Shift-Keying (MSK) type of digitally modulated microwave
signal may be amplified with an Injection-Locked-Oscillator Phase-Locked-Amplifier (ILO-PLA) Experimental bit-
error-rate results for an ILO-PLA are presented in this paper for MSK modulated signals. The results show that
for MSK signals an ILO-PLA does not display the large performance degradation previously reported for QPSK

signals.

.3 dB degradation in the bit-error-rate performance due to the ILO-PLA.

Further a two sided locking bandwidth equal to 1.8 times the input signal bit-rate results in about

A positive or negative frequency offset

of about ten per cent of the locking bandwidth causes negligible further degradation of the performance.

I. Introduction

For digital and analog angle modulated signals,
(i.e., phase or frequency modulation), the information
is contained in the instantaneous phase, and therefore
a high power microwave phase-locked-oscillator which
is phase locked to the weak input modulated signal may

be used as a high gain microwave amplifierl’2’3’4.

Such an amplifier is commonly referred to as the Phase-
Locked-Amplifier (PLA). The two versions of the first
order phase-locked-oscillator that may be used in such
applications are the ILO-PLA and the Voltage-Tuned~-
Oscillator Phase-Locked-Amplifier (VTO-PLA). For di-
gitally modulated signals the performance of a PLA is
limited by the 90° and 180° phase transients at the

3,4,5

interbit switching instants The previously re-

ported resultsa show that for QPSK signals the bit-
error-rate at high Eb/No (bit energy to noise spectral

density) ratios does not follow the ideal-channel PSK
performance curve and that an ILO-PLA introduces an
error floor.

Minimum shift keying is a digital modulation
technique which is free of any phase transients. The
90° phase shift in a bit interval is obtained by a
linear variation of the phase and the phase continuity
is maintained at the interbit switching instants. This
suggests that MSK modulated signals will be compatible
with an ILO-PLA for high gain amplification. In a pre-

vious paper5 we presented spectrum-spreading results
for the amplification of filtered MSK signal with an
ILO-PLA. 1In this paper we describe the measured bit—
error-rate results obtained when amplifying MSK modu-
lated signals with an ILO-PLA. The experimental bit-
error-rate results are presented in Section II. A
discussion of the results and conclusions are presented
in Section III.

II The Bit-Error-Rate Performance Results

The bit-error rate performance of a digital
system is determined by the bit energy to additive
Gaussian noise power-spectral-density ratio (Eb/NO)

required to achieve a certain probability of bit-error.
The degradation in the bit-error-rate is measured with
respect to the performance achievable for an ideal
channel. The bit-error-degradation of a given sub-
assembly of the system may be determined by the addi-
tional degradation which may occur as a result of in-
troducing that particular subassembly in the system.
The bit-error-rate performance was measured for a 5 M
Bits/sec MSK signal using the test arrangement of

Fig. 1.
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The locking bandwidth of an ILO is inversely pro-—
portional to the square root of the power gain. The
degradation in bit-error-rate performance will deter-
mine the required locking bandwidth. The degradation
will increase as the locking bandwidth decreases for
a higher gain values. Thus a trade-off between the
achievable gain and the performance degradation is
possible. This trade-off is experimentally determined
in this paper. In determining this trade-off it is
also shown that because of the phase continuous nature
of MSK, an ILO-PLA does not exhibit a large perfor-
mance degradation as for QPSK.

The parameters of the microwave oscillators used
in the bit-error-rate experiment are shown in Table 1.

Table 1. Oscillators Used in ILO-PLA Bit-Error-Rate
Performance Testing.
0SC.No. Configuration Power Out Freq. External
(Milliwatts) (GHz) Q
1 Microstrip IMPATT 10 6 126.5
2 Waveguide IMPATT 410 8.555 60.1
3 Waveguide IMPATT 200 9.187 40.6

The external Q in the last column of Table 1 was cal-
culated from the measured locking bandwidth by using

Adler's equation6 given below.

2f0
BL Qe
where

BL = Two sided locking bandwidth
fo = Input signal carrier freq.
Pi = Locking signal power
P0 = The locked oscillator output power
Qe = The oscillator external Q.

The measured bit-error-rate results with the os-
cillator 1 ILO-PLA are shown in Fig. 2 for the 5 M
Bits/Sec. MSK modulated input. As may be seen from
this figure very little additional degradation

(< .15 dB at a BER of lx10_6) was introduced by the
ILO-PLA for a gain of 14 dB. The degradation increased

to .3 dB at a BER of 1x107°
to 20 dB.

as the gain was increased
A rapid degradation in performance (20 dB

-6 .

at a BER of 1x10 ) can be noticed as the gain was fur-
ther increased to 26 dB. It may be seen that the bit-
error rate curves for MSK do not exhibit the anomalous

behaviour previous reported4 for amplification of QPSK
signals with an ILO-PLA. Further, a two sided locking



bandwidth of only 9 MHz (corresponding to a gain of
19 dB for oscillator 1) results in less than .3 dB

degradation in the performance. This bandwidth is only
1.8 times the bit rate of 5 M Bits/Sec.

A further insight into ILO-PLA behaviour is pro-
vided by the I-Q channel eye diagrams shown in Fig.3
as the ILO-PLA gain was increased from 16 dB to 31 dB.
Increasing the gain from 16 to 21 dB causes only a
marginal closure of the eye. A rapid closure of the
eye can be noticed as the gain was increased from
21 dB to 26 dB. It is interesting to note that even
at a gain of 31 dB, where the two sided locking band-
width is only 2.5 MHz (= .5 times the bit rate) the
eye is still not completely closed indicating that
the system is still usable although with a very high
degradation of the bit-error-rate performance.

As may be seen from the last column of Table 1,o0s-
cillators 2 and 3 had external Q's of 60.1 and
40.64 respectively compared to an external Q value of
126.5 for oscillator 1. The measured bit—error-rate
results for oscillators 2 and 3 of Table 1 are given
as Figures 4 and 5 respectively. As expected a higher
gain can be obtained for approximately the same per-
formance degradation by lowering the external Q of the
oscillator. 1In practice a lower limit on the external
Q will be imposed by the frequency instability of the
oscillator and by the noise, both of which increase
as Q is lowered. The Q will be thus designed to make
a compromise between the frequency stability and noise
on the one hand and the gain on the other hand.The fre-
quency instability of the oscillator will in effect
result in frequency offset between the ILO free-run—
ning frequency and the input signal nominal carrier
frequency. The effect of this frequency offset was
measured for the oscillator No. 1 of Table 1. The
measured results are presented as Fig.6 for an ILO-PLA
gain of 20 dB with the frequency offset as the para-
meter. As may be seen from this figure a frequency
offset of 1 MHz results in only a minimal degradation
(<.1 dB) of the performance. However, increasing the
frequency offset to 2 MHz causes a rapid degradation
(1-1.5 dB). It may be noted that a frequency offset
of 2 MHz at a gain of 20 dB for the oscillator 1 re-
presents 22.2 percent of the two sided locking band-
width at this gain.

IIT Conclusions

Based on the experimental bit-—error-rate results,
it may be concluded that an ILO-PLA for MSK modulated
signals does not display the anomalous behaviour

. 4
previously reported for QPSK signals, namely a large
and erratic bit-error-rate at high Eb/No ratios. Fur-

ther it requires a two sided locking bandwidth of only
twice the MSK modulated signal bit-rate to maintain
the degradation in the performance due to the ILO-PLA
to a small value, of the order of .3 dB. A high gain
single stage amplifier for MSK signals may, therfore,
be realized using an ILO-PLA. A positive or negative
frequency offset of about ten percent of the two sided
locking bandwidth causes little further degradation in
the performance, while a frequency offset of about
twenty-five percent results in a rapid degradation of
the performance.

References

1. M. Ramadan, "Intermodulation Distortion of FDM-FM
in Injection Locked Oscillators", IEEE Transactions
on Communications, Vol.COM-21, No.3, March 1973,
pp. 191-194.

2. Marion E. Hines, R.S. Posner, A.A. Sweet, "Power
Amplification of Microwave FM Communication Sig-
nals Using Phase-~Locked Voltage Tuned Oscillator",
IEEE Transactions on Microwave Theory and Tech-

526

niques, Vol. MIT-24, No. 7, July 1976, pp.393-404.

M.J. Kuno, "Analysis of Nonlinear Characteristics
and Transients Response of IMPATT Amplifiers",
IEEE Transactions on Microwave Theory and Techni-
ques, Vol. MIT-21, No. 11, November 1973, pp. 694-
700.

S.P. Paik, P.J. Tanji, D.J. Kelley, "IMPATT-Diode
Power Amplification for Digital Communication
Systems", IEEE Transactions on Microwave Theory
and Techniques, Vol. MIT-21, No. 11, November
1973, pp. 716-720.

Surinder Kumar, W.J. Chudobiak, J.S. Wight, "The
Injection Locked Oscillator as a Microwave Ampli-
fier of MSK Modulated Signals", 1978-IEEE MITS,
International Microwave Symposium Digest, Ottawa,
Canada, June 27-29, pp. 291-293,

R. Adler, "A Study of Locking Phenomena in Oscil-
lators", Proc. IRE, Vol. 34, June 1946, pp. 351~
357,



Ae1dsTp weabetrq
-943 103 33O payYL3lTMS
ST xojersusb esTou ayl :8joN

TasdTeuy

LOLTIY

¥ZepdH

9380
Iamod

J03eNnuUsl3y

)\\ﬂ

sjusweInseaW ¥Ad Y3z 103 pesn dn-3as 3say 9yl 1°bta
Ketdstg
wexberq alkg
I03eNUI]JY (€p 88 =
Tox3u0) utes*azTduy) but1966T
9STON 20INOS 9STON
* gy 3XJ
a9 9K
JJNW();AIII
aamod
09-v-sd o} I + T9LEAH
ORWTIIIN
lad ¥
ISpTATQ I9aAT209Y 20309394
A —»
x9Mm0d - n NS y3‘g
d°d°g
I93ITYS oseyd
—
I03eNnudl3yY 0698dH
RoPTATQ
.(%%\ zomog @ o™ *F
Yy THLM
I93I9AUOCDUMO(]
“QQG
.mme
HLLTT seybny
¥-T09dId Ear-0d 09L€ dH
ro371a oy zoqeT I03eI9UdD cuan
JITT < @.A‘f /~ M&_npoy [IPOTO e3eq ¢ HO0TD
BTA y) XSH luopueaopnesd 2ZHN §
VHTHOM B3

IZ93xaauondn

527



€T 1 11 01 6 8 L
*T 91981 3O T *ON 103BIIIOS0 oY3 103 SUTEY VII-0TI /%
oYl Jo senfep JULADIITQ YITA swealerq 94y Touwuey) O pue 1 YIL € "8T14 orrwd 8/ o
ap 1€ = ured P 97 = uren -
3
=
o1t 1
300U3TH —

gp T¢ = ure)

P 9T = ugsy

ap 97 =
ap 0z = ur S—
ap yT =

T°L @1qes

30 "oy I03B[IIOSO  aSjsUBRIR
Y3 S® uTed VId-OII Yl UITA
oT3ey cz‘\\.ﬂm a3 3O uoTiounNgd e se
DI ~IOXTI-3TE PPINSEIH YL

G-

otT

ot

01

IV -YONA~LIE

528



T 0t 6 8 L

orzwd “n/ nm._.

|HII|I

!

l[l L4l

= UTT JUOURITM

gp ££ = umPd
gp 0f = utes

I9joreand 8y3 Se

o
uted ¥Id-OTI 93 UiTH OoTIed Z\nm
Yy JO UOTIIUN B SB A1ei-J0XIT
~1Tg PRAInsesdly £ ON ICILTL IS0 3yl

0T

0t

gy

i _

LYY -40I-LId

1t 0T 9 3

~

[eafia-ce oz\um.

!

|

I93ueInd 8yl Se uied vId-OTL

o
Byl YITH o1 Z\nm oYy 3o
uo13ouN] B SE 931vd-I0AXH-3Td
P3ANSEOW Z°ON IOJBT[TOS0 9YL v b1d

e OTT 3INOYFTM

|

I

101
50T
{
0T
T3
ki
7
g
o
3
3
=]
v}
50T
0T
ot

529



BIT-ERROR-RATE

10

10

-5

10

-6

10

10

-7

IR Illl

T T Ill I

I

Fig.6

The Effect of Frequency-
Offset Aw on the Bit-Error
performance of the Oscillator
No. 1
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