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1

BASEBAND SIGNAL GENERATOR FOR DIGITAL
MODULATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to baseband
signal generators for digital modulators, and more par-
ticularly, to a baseband signal generator for a digital
modulator used as a MODEM for a digital communica-
tion equipment such as a land mobile radio telephone, a
portable radio telephone and a cordless telephone.

2. Description of the Background Art

A conventional digital communication apparatus
modulates a carrier signal in response to a digital infor-
mation signal (baseband signal) to transmit the informa-
tion signal in order to achieve efficient transmission.

Such modulation systems include an amplitude mod-
ulation system wherein an amplitude of a carrier signal
is changed in response to a digital baseband signal (a
modulating wave signal), a frequency modulating sys-
tem wherein a frequency of a carrier is deviated in
response to a modulating wave signal, a phase modulat-
ing system wherein a phase of a carrier is changed in
response to a modulating wave signal and an amplitude
phase modulating system wherein an amplitude and a
phase of a carrier are individually changed in response
to a modulating wave signal.

The carrier signal (modulated signal) S(t) thus modu-
lated in response to a modulating wave signal can be
generally expressed by the following equation.

S@) A sin {ot + ¢(D)} ®
A(r) sin $(2) - cos ot +

A(?) cos () - sin ot

Herein, A(t) denotes an amplitude, . denotes a car-
rier frequency and ¢(t) denotes a phase of a modulating
wave signal.

As is clear from the above-described equation (1), the
modulated signal can be represented by two compo-
nents orthogonal to each other, that is, by a sum of an
in-phase (I phase) component (the first term of the
above-described equation (1)) and a quadrature phase
(Q phase) component (the second term of the above-
described equation (1)). Such a modulated signal can be
therefore formed by using a quadrature modulator.

FIGS. 1 and 2 are a block diagram and a spatial dia-
gram schematically showing the principle of such a
quadrature modulator, respectively. It should be noted
that the following example shows a phase modulating
system for changing a phase of a carrier in response to
a baseband signal, wherein an amplitude A () is fixed to
“17,

With reference to FIG. 1, a mapping circuit 2 outputs
I phase and Q phase components of a modulating wave
signal as rectangular signals in response to a digital
baseband signal applied through an input terminal 1.
The I phase component is applied to one input of a
multiplier 7 through a low pass filter (ILPF) 3, while the
Q phase component is applied to one input of a multi-
plier 8 through a low pass filter LPF 4.

A carrier signal coswt is applied from a signal source
5 to the other input of the multiplier 7 which outputs an
1 phase component sind(t)-coswt of a modulated signal.
A signal sinwgt obtained by shifting the phase of the
carrier signal from the signal source 5 by 7/2 by means
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of a phase shift circuit 6 is applied to the other input of
the multiplier 8 which outputs an Q phase component
cos¢(t)-sinwct of the modulated signal. Thus obtained I
phase component and Q phase component can be repre-
sented in a one-to-one correspondence on the I and Q
coordinates as shown in FIG. 2.

These I phase component and Q phase component are
added to each other by an adder 9 to become such a
modulated signal as expressed by equation (1), which
signal is output from an output terminal 10.

The above described mapping circuit 2 includes two
ROMs wherein signal waveform data, which have been
obtained in advance by calculation, of I and Q phases of
the digital modulating wave signal with their band-
widths being limited are stored, respectively. Such
waveform data are read out from the ROMs using the
digital baseband signal applied through the input termi-
nal 1 as addresses.

There is a case where M-phase PSK (Phase Shift
Keying) signal is generated by using such a quadrature
modulator. FIG. 3 is a diagram schematically showing
the principle of the generation of w/4 shift QPSK
(Quadli Phase Shift Keying) signal, which signal is one
example of such a M-phase PSK signal.

With reference to FIG. 3, it is assumed that a signal
point corresponding to I phase component and Q phase
component data of a baseband signal (modulating wave
signal) at a certain time point exists at one of a, c, e and
g on the unit circle having a radius of 1 shown in FIG.
3. At a subsequent time point after a lapse of a predeter-
mined time slot, the signal point shifts to one of the
intersections b, d, f and h between two virtual axis ob-
tained by rotating their axis and the Q axis by /4 and
the unit circle of a radius of 1. The I axis and the Q axis
will be rotated by #/4 for each predetermined time siot
in the same manner as described above, whereby the
signal point sequentially shifts on the unit circle.

For example, if the signal point initially exists at the
point a in FIG. 3 and the baseband signal does not
change, the signal point shifts as a point —b point—c
point—d point—e point—f point—+g point—h point for
every predetermined time slot, that is, at every n/4
rotation of the I axis and the Q axis. In this case, the I
and Q phase data each takes the five types of values
such as “17, “1/V2”, “0”, “~1/V2” and “—1” as can
be seen from FIG. 4.

On the other hand, according to the digital cellular
telecommunication system standard of Japan (RCR)
and the cellular telecommunication standard (TIA-IS-
54) of the North America, differential encodings are
carried out in #/4 shift QPSK modulation. Because of
such differential encoding, it is only necessary to con-
sider a relative phase between continuous symbols.
Therefore, by shifting the phase of the signal spatial
diagram of FIG. 3 by #/8 as shown in FIG. 4, data of
the I phase and the Q phase have levels of four value.
Such 7/4 shift QPSK modulation by such differential
encoding is generally referred to as “w/4 shift DQPSK
modulation”.

Brief description will be given to a procedure of
generating a baseband signal for such /4 shift DQPSK
modulation. First, an applied serial digital baseband
signal is converted into symbol data of Xz, Yr) by a
serial/parallel conversion circuit. Then, the symbol
data (Xx, Yk) is converted into a quadrature signal (I,
Qx) based on the following equation by a differential
encoding and mapping circuit.





















