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ABSTRACT

A 6GHz 16 QAM linear MIC ring modulator with improved linearity has been developed. The
BER measurements show S/N degradation by the MIC modulator to be 0.3 dB greater than that of an

IF modulator at an error rate of 10-!

INTRODUCTION

Several 16 QAM communication systems have been

reported in the last few years (l)(2)(3)(4)(5) , but no
report has been made on 16 QAM linear modulators at

frequencies above 2GHz. As the frequency goes higher,
linearity characteristics of the modulator are impaired

by parasitic components in the switching diodes. For
this reason, the superimposed type modulator has been
used in most work with 16 QAM systems . It would be
possible, however, to make a simpler more compact
transmitter in radio repeaters, if We could realize a

16 QAM direct carrier linear modulator. This paper
describes a 6 GHz linear 16 QAM modulator which uses
MIC ring modulators with phase linearity improved.

Experiments with a 200 Mb/s 16 QAM signal (cosine roll
off spectrum shaped; roll off factor 50%) were per-

formed, and the S/N degradation by the MIC modulator

was 0.3 dB greater than that measured on an IF modula-
tor ( IF back to back system)

MODULATOR CONFIGURATION

Many microwave mixers with sophisticated confi-

gurations have also been reported (6), and we have been
trying to develop a wide band ring modulator of simple
configuration . Fig.1. shows a sketch of our ring modu-
lator, consisting mainly of a wideband tapered

balancelunbalanced transformer,four schottky barrier
diodes ,and a pair of through metal conductors. The

substrate, 0.3 mm thick,15 mm long, and 5 mm wide, is
fine grained alumina (dielectric constant 9.8) . Two

diodes, D1 and D2 are mounted on the upper side of the
substrate, and D3 and D4 are mounted on the lower side .

Diodes D2 and D3 are connected with the conductors on
the other side of the substrate through two drilled

holes HI and H2 (0.1 mm diameter). The frequency
conversion loss of the ring modulator was 6 to 9 dB

over the frequency range from 4 to 8 GHz. The isola-

tion between RF ports is typically 15 to 20 dB. Cl,

C2, C3, C4 are DC blocking capacitors (micro chip capa-
citor 2 to 4 pF) . Fig .5. shows a view of the MIC ring
modulator.

LINEARITY OF THE MODULATOR

Cosine roll off spectrum shaping method plays an
important role to reduce the band width with minimum
inter symbol interference . This technique has already
been accomplished in base band stage while it has not

been established in microwave frequencies. Therefore
both phase and amplitude linearity are especially re-
quired for a modulator. In this ring modulator, phase
linearity is improved by phase linearity correction
circuits, which also form the driving current circuit.
Driving current feed lines are connected by strip con-
ductors as shown in Fig.1 . By adjusting jumper J
( bond wire) to a suitable position, the modulation
linearity characteristics are improved. Fig .2. shows
the equivalent circuit of this ring modulator. ZI and
YI are the impedance of HI , and susceptance of the
correction circuit respectively. An example of the
linearity improvement can be seen in Fig.3. Lines “a!!
and ‘lb” indicate the 10CUS of SZI of the ring modulator
versus driving current at x.2 mm and x=5 mm respective-
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Fig. 3 An example of Iinearit y improvement
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ly. (x indicates the short stub length) The phase

non-linearity is caused by parasitic reactance com-

ponents of the switching diodes. Simulations of a sim-

pl e 1 inear model of the ring modulator indicate the

validity of our experiments. An amplitude linearity

characteristic of the modulator versus driving current
is shown in Fig .4.

16 OAM modulator ~ characteristics

Fig.6. is a block diagram of the MIC modulator.

Circulators 2 and 3 are necessary to get sufficient
isolation between two modulators. Fig .7. is a photo-
graph of the MIC modulator with the top cover removed.
The total loss of this modulator is 21.5 dB, while the

loss of the ring modulator itselfis 13 dB. The input

power level to the MIC modulator is +16 di?m. Fig.10.

shows the 16 QAM signal constellation measured by a
network analyzer. This photo shows the good phase and
amplitude linearity characteristics of the modulator.

~ PERFORMANCE

Fig.9 . shows the test set up for evaluating the
MIC ring modulator. To reduce the band width of the

output modulated signal, cosine roll off spectrum shap-
ing is done by using b
inary transversal filters in

baseband stage. Fig.11. shows eye patterns of the

demodulated signal. The spectrum of the output signal
is shown in Fig.8. The filter was adjusted for the
maximum eye opening. Fig. 12. shows the measured BER

characteristics demodulated by the 16 QAM demodulator
(140MHz IF frequency). The SIN degradation was O .3 dB
greater than that of an IF modulator at an error rate
of 10-f

CONCLUSION

A 6GHz 16 QAM modulator using MIC modulators with

good BER performance was developed. The ring modulator

can be used over the frequency range from 4 to 8 GHz by
readjusting the short stub length.
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Fig. 7 i6QAM modulator with

top cove r removed

Fig. 8 Spectrum of the output

signal
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Fig. 9 Test set-up for
the BER measurement

Fig.iO Constellation of the

modulated signal
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demodulated signs I
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