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The present invention relates to transmitters in 
radiocommunication systems and more particularly to methods 
and systems for reducing the transmission of spurious 
•ignals. 

10 Modern electronic equipment relies heavily on the use 
of clocks and oscillators for timing signals. Examples of 
such equipment are personal computers, household 
electronics and appliances (that now typically include 
microprocessors and digital circuits), telephone exchanges, 

15 radio equipment (including cellular telephones), and any 
apparatus having a power supply that utilizes switching, to 
name just a few. 

One characteristic of oscillators and clocks is the 
production of unwanted emission of electromagnetic enerqy 

20 that can create problems not only for other nearby 
equipment, but also for surro~ndinq circuits within the 
same piece of equipment as the oscillators and clocks. For 
example, within a radio receiver; an oscillator in a 
surrounding circuit can create interference in the radio 

25 receiver by emitting unwanted signals at a frequency where 
the receiver is sensitive to interference, such as the 
intended receive channel or at an intermediate frequency in 
a superheterodyne receiver. (As used in.this 
specification, the word "interference" may refer to either 

30 radiated or conducted interference.) in many radio 
designs, all of the internally used oscillator frequencies 
are derived from a single high accuracy reference 
oscillator, which can produce interference at fundamental, 
harmonic and subharmonic frequencies of the oscillator. 

35 The mixing of these interference frequencies with the 
desired frequencies is referred to herein as a "spurious 
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signal". It is theoretically impossible to detune the 
oscillator to eliminate this interference, although 
detuning can be performed such that spurious signals occur 
in less critical frequency bands. Thus, spurious signals 

5 continue to occur in receivers ·found in cellular radios and 
associated base stations as well as in many other radio 
desiqns. 

Radio transmitters suffer from similar problems. For 
example, many radio transmitters generate signals at 

10 various frequencies, e.g., an intermediate frequency and a 
carrier frequency. When these reference frequency signals . . 
are amplitude limited, e.q., for single-side band 
transmission, intermodulation products of the interfering 
signals and the desired signal can occur from which 

15 spurious signals are created. 
Zn electronic circuits, µnwanted spurious signals are 

traditionally minimized by means of careful design of 
circuit boards, decoupling and screening, use of balanced 
lines, low power levels, and other commonly known design 

20 principles. However, these techniques are often inadequate 
at reducing the unwanted spurious signals to an acceptable 
level. Moreover, constant pressure to further increase the 
integration of component parts and minimize overall system 
size and power consumption makes these traditional measures 

25 less effective in controlling spurious signal generation. 

30 

Another solution is to separate those circuits which 
interact to generate spurious signals, i.e., the 
intermediate and carrier frequency circuits in a 
transmitter. However, integration is desirable, as 
mentioned above, to reduce off-chip interfaces and provide 
better noise levels while lowering overall power 
CODSWllption. 

Therefore, it is desirable to provide a method and 
system that can-reduce spurious signal generation to an 
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acceptable level and promote integration of circuitry that 
otherwise might create such spurious signals • 

SlJMHMY 

5 one aspect of the present invention finds application 
in a transmitter having an intermediate frequency signal 
node and a carrier frequency signal node. Signals 
presented at these nodes are amplitude limited for sinqle­
side band transmission. In order to reduce interference 

10 created by the carrier frequency node with respect to the 
intermediate' frequency node, a bandpass or lowpass filter 
is inserted prior to the amplitude limiting stage. In this 
way, interfering signals created by the carrier frequency 
signal node at the intermediate frequency signal node are 

15 reduced. 

11%11 p1scgxpg1Q!f OP TJIE 'DllAwiitGS 
The objects and advantaqes of the invention will be 

understood by reading the following.detailed description in 
20 conjunction with the drawings in which: 

Figure 1 is a block diagram of a conventional 
transmitter; 

Figure 2 is a block diagram of a transmitter according 
to a first exemplary embodiment of the present invention; 

25 Figure 3 is a block diagram of a transmitter according 
to a second exemplary embodiment of the present invention; 
and 

Figure 4 is a block diagram of a transmitter according 
to a third exemplary embodiment of the present invention. 
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Figure 1 illustrates a conventional transmitter chain. 
Therein, an intermediate frequency signal node provides an 
intermediate frequency signal that is phase-shifted (block 

5 10) and amplitude-limited {block 20) prior to beinq input 
to quadrature modulator 30 alonq a first branch. A second 
branch provides an amplitude-limited (block 25) version of 
the intermediate signal frequency that is not phase 
shifted. Quadrature modulator 30 also receives the Q and I 

10 information bearing components which are modulated onto the 
signals provided :by the first and second branches. The 
resultant signal is passed to lowpass filter 40 and 
amplified by variable amplifier 50. 

The modulated signal is next upconverted at mixer 60 
15 using the carrier frequency supplied at the carrier 

frequency siqnal node (RFLO) and amplitude limited by 
amplifier 70. The upconverted signal is then amplified by 
power amplifier 80 after which it can be coupled to an 
antenna (not shown) for transmission. output power control 

20 can be provided via power feedback loop 90 to, for example, 
optimize system wide interference or for other reasons that 
are well known to those skilled in the art. 

The transmitter inputs illustrated in Figure 1 are 
sensitive to interferinq siqnals which can be created, for 

25 example, by the other inputs and outputs associated with 
the circuit. For example, the intermediate frequency 
signal node (IFLO) is sensitive to, i.e., will propagate, 
interfering signals from the carrier frequency signal node 
(RFLO) including harmonics of the carrier frequency. The 

30 susceptibility.of the IFLO node to such interfering signals 
increases as the distance between the XFLO node and the 
radiatinq nodes, e.q., RFLO, PA, etc., decreases. Thus, 
when the circuitry shown in Fiqure l is integrated onto a 
single chip, and as the level of miniaturization increases, 
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the problems caused by such interfering signals become more 
significant • 

Specifically, intermodulation occurs in the nonlinear 
amplitude limiting stage 20 between harmonics of the 

5 intermediate frequency signal and the interfering signal. 
Intermodulation products·that are sufficiently close in 
frequency to the intermediate frequency to avoid 
elimination by the lowpass filter 40 will then be mixed at 
block 60 with the amplitude-limited carrier frequency. 

10 This creates in-band spurious signals that are amplified at 
block BO and transmitted. 

According to exemplary embodiments of the present 
invention, these spurious signals can be avoided by 
filtering the input provided at the intermediate frequency 

15 signal node to remove the interfering siqnal(s) before they 
create intermodulation products in the limiting stage 20. 
A first exemplary embodiment is illustrated as Figure 2. 
Therein the same reference numerals are used to denote 
similar elements of the transmitter circuitry, and the 

20 foregoing description of these elements is incorporated 
here by reference. 

Note that the transmitter circuitry illustrated in 
Figure 2 includes a block representation of a lowpass 
filter 100. Note that although the lowpass filter 100 is 

25 illustrated as being disposed upstream of phase shifter 10, 
those skilled in the art will appreciate that the filter 
100 (or bandpass filter 110 of Piqure 3) could be disposed 
between phase shifter 10 and limitinq staqe 20, with 

another filter placed upstream of limiting stage 25. This 
30 lowpass filter can be tuned to the intermediate frequency 

to remove interfering signal(s) received at node Xl'LO prior ~ 

to their propaqation throuqh the transmitter chain. In 
this way, the limiting stage 20 and 25 will receive a 
·signal with a reduced interference content which, in turn, 

35 will reduce the magnitude of the intermodulation products. 
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Thus, spurious signal output from power amplifier 80 is 
also reduced. The lowpass filter can, for example, have a 
cutoff frequency which is set at about 30% above the 
intermediate frequency. Those skilled in the art will 

5 appreciate that any suitable cutoff frequency can be used. 

A lowpass filter 100 will, for example, remove 
interfering signals at some frequency range above the 
intermediate frequency to eliminate, for example, harmonics 

10 and fundamentals generated by the (higher) carrier 
frequency node (RPLO). However, according to another 
exemplary embodiment of the present invention illustrated 
in Figure 3, a bandpass filter 110 can be used as an 
alternative to the lowpass filter 100 to remove 

15 interference both above and below the intermediate 
frequency. For example, data clocks are potential source, 
of interference which bandpass filters could be used to 
remove. The filter 110 can be centered about the 
intermediate frequency with a bandpass range of, for 

20 example, plus or minus 30% of the intermediate frequency. 
Those skilled in the art will appreciate that any suitable 
bandpass range can be used. 

By providing a filter before a limiting stage in the 
signal path of a transmitter chain, a reduced spurious 

25 signal content can be achieved. Thus, the level of 
integration of such circuitry can be increased without 
reducing transmitter performance. since transmitters 
according to the present invention are less sensitive to 
the layout of the circuit on a circuit board or on a 

30 semiconductor cpip, the design cycle· of such transmitters 
can be shortened. 

The invention has been described with reference to a 
particular embodiment. However, it will be readily 
apparent to those skilled. in the art that it is pos.sible to 

35 embody the invention in specific forms other than those of 
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the preferred embodiments described above. This may be 

done without departinq from the spirit of the invention • 
The preferred embodiment is merely illustrative and should 
not be considered.restrictive in any way. For example, 

5 while the illustrative embodiments describe the provision 
of a filter to reduce spurious signals resultinq from 
interf erinq signals propagated throuqh an intermediate 
frequency siqnal node (XFLO), those skilled in the art will 
also appreciate that the present invention can be applied 

. 10 to reduce spurious signals propaqated through other nodes, 
e .q. , the carrier frequency node (RFLO) • This embodiment 
is illustrated in Fiqure 4 wherein a second lowpass filter 
120, tuned to the carrier frequency is inserted prior to 
limiting staqe 70. As in the previous embodiments, filter 

15 120 could also be implemented as a bandpass filter. 
Moreover, the exemplary embodiment of Figure 4 could also 
be modified by omitting filter 100 if interference on the 
intermediate frequency branch is not a concern. The scope 
of the invention is qiven by the appended claims, rather 

20 than the preceding description, and all variations and 
equivalents which fall within the range of the claims are 
intended to be embraced therein. 
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1! A transmitter comprising: 
a carrier frequency node which presents a carrier 

5 frequency siqnal; 
an intermediate frequency node which presents an 

intermediate frequency signal; 
a modulator which modulates data onto said 

intermediate frequency signal; 

10 a mixer which upconverts said modulated, 

intermediate frequency signal using said c~rrier frequency 

signal; 
a first amplitude limiting stage inserted between 

said carrier frequency node and said mixer; 

15 a second amplitude limiting staqe inserted 

between said intermediate frequency node and said 

modulator; and 
a filter inserted between said intermediate 

frequency node and said second amplitude limiting stage, 

20 said filter tuned to said intermediate frequency so as to 

reduce spurious signals transmitted by said transmitter. 

25 

30 

2. The transmitter of claim 1, wherein said filter 

is a ~ndpass filter. 

3. The transmitter of claim 2, wherein said bandpass 

filter is centered about said intermediate frequency. 

4. The transmitter of claim 1, wherein said filter 

is a lowpass filter. 

5. The transmitter of claim 4, wherein a cutoff 

frequency of said lowpass filter is about 30t above said 

intermediate frequency. 

·~ 
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6. The transmitter of claim 1, wherein said carrier 
frequency node, said intermediate frequency node, said 
.modulator, said mixer, said first and second amplitude 
limitinq stages and said filter are integrated onto a 

5 single inteqrated circuit chip. 

10 

7. Transmitter circuitry comprising: 
an integrated circuit chip having a radio 

frequency input and an intermediate frequency input; 
an amplitude limiting stage disposed downstream 

of at least one of said radio frequency input and said 
intermediate frequency input; and 

a filter fabricated on said integrated circuit 
chip which.filters one of said radio frequency input and 

15 said intermediate frequency input upstream of said 
amplitude limiting stage. 

20 

s. 'l'he transmitter of claim 7, wherein said filter 
is a bandpass filter. 

9. '.rhe transmitter of claim 8, wherein said bandpass 
filter is centered about one of said radio frequency and 
said intermediate frequency. 

25 10. The transmitter of claim 7, wherein said filter 
is a lowpass filter. 

11. 'l'he transmitter of claim 10, wherein a cutoff 
frequency of said lowpass filter is about 30% above one of 

30 said radio freguency and said intermediate frequency. 

12. A method for reducing spurious s~gnal 
transmissions from a transmitter comprising the steps of: 

35 providing a first .input reference signal; 
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amp1itude limiting said first input reference 

providinq a second input reference signal; 
filterinq said second input reference signal to. 

5 eliminate intermodulation products created by said first 
input reference siqnal; and 

10 

15 

using said amplitude-limited, first input 
reference siqnal and said filtered, second input reference 
signal to generate a signal tor transmission. 

13. The method of claim 12, wherein said 
step of filtering further comprises the step of i 

using a lowpass filter tuned to have a cutoff 
frequency above said second input reference frequency. 

14. The method of claim 13, wherein said cutoff 
frequency is about 30' above said second input reference 
frequency. 

20 15. The method of claim 12, wherein said step of 
filtering further comprises the step of: 

using a bandpass filter tuned to said second 
input reference frequency. 
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