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Summary of Facts and Subm ssi ons

1136.D

The applicant appeal ed agai nst the decision of the
exam ni ng division refusing European patent application
No. 94 120 465. 3.

The reason for the refusal was essentially that the
subject-matter of claim1 was considered to | ack an
inventive step in view of prior art documents:

D1: US-A-3 973 209 and

D3: EP-A-0 277 726.

Oral proceedings were held before the board on 7 Apri
2003. The appel l ant requested that the decision under
appeal be set aside and that a patent be granted on the
basis of clains filed with letter of 7 March 2003 in
the formof a main and an auxiliary request.

| ndependent claim 1 of the main request reads as
fol |l ows:

"1, A frequency synthesizer arrangenent with a direct
digital synthesizer (22) being incorporated inside a
phase-| ocked | oop conpri sing:

(a) phase conparison neans (1, 42, 56) which are
adapted to detect a phase difference between a
reference signal (A, J) and a conparison signal
(B) and to output phase error information (C)
having a sign and a magni tude of the phase error,

(b) a loop filter (2, 43, 55) which is adapted to
generate | oop control information (D) having a
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sign and a magnitude for controlling the loop in
accordance with the phase error information (C)

(c) the direct digital synthesizer (22) being adapted
to the conmparison signal (B) by enploying a clock
signal supplied fromoutside (32, 51) of the
phase-1 ocked | oop and the | oop control information
(D) input as a phase incremental value (G ; the
direct digital synthesizer conprising:

(c-1) accunul ator neans (48) for receiving a phase
i ncrenental value (G to produce phase
information (H)

(c-2) nmenory means (49) for storing wave-form data
addressed by the phase information (H)

(c-3) D/A converter neans (50) for producing an
anal og val ue of the addressed wave-form
data; and

(c-4) filter nmeans (52) for filtering the anal og
val ues of the wave-formdata to produce a
conpari son signal (B)

(d) phase increnent correction nmeans (31; 45, 46, 47)
which are provided at the input side of the
accurnul ator neans (48) and adapted to receive the
| oop control information (D) and the correction
information (K, E, F) conprising gain information
(E) and offset information (F) fromthe outside of
the | oop, both provided by a CPU (47) outside of
t he frequency synthesizer to nodify the | oop
characteristics to thereby produce the phase
i ncremental val ue,

wher eby an out put synchroni zing signal (I) which

follows the frequency of the reference signal (A J) is
generated, the reference signal (A J) being variable

1136.D Y A
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over a broad range."

Clains 2 to 4 of the main request are dependent on

claim1.

V. | ndependent claim1 of the auxiliary request reads as
fol |l ows:
"1, A frequency synthesizer arrangenent with a direct

digital synthesizer (22) being incorporated inside a
phase-| ocked | oop conpri sing:

(a) phase conparison neans (1, 42, 56) which are
adapted to detect a phase difference between a
reference signal (A, J) and a conparison signal
(B) and to output phase error information (C)
having a sign and a magni tude of the phase error,

(b) aloop filter (2, 43, 55) which is adapted to
generate | oop control information (D) having a
sign and a magnitude for controlling the loop in
accordance with the phase error information (C)

(c) the direct digital synthesizer (22) being adapted
to the conmparison signal (B) by enploying a clock
signal supplied fromoutside (32, 51) of the
phase-1 ocked | oop and the | oop control information
(D) input as a phase incremental value (G ; the
direct digital synthesizer conprising:

(c-1) accunul ator neans (48) for receiving a phase
i ncrenental value (G to produce phase
information (H)

(c-2) nmenory means (49) for storing wave-form data
addressed by the phase information (H)

(c-3) D/A converter neans (50) for producing an

1136.D Y A
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anal og val ue of the addressed wave-form
data; and

(c-4) filter nmeans (52) for filtering the anal og
val ues of the wave-formdata to produce a
conpari son signal (B)

(d) phase increnent correction neans (31; 45, 46, 47)
whi ch are provided at the input side of the
accurul ator neans (48), and adapted to receive the
| oop control information (D) and the correction
information (K, E, F) conprising gain information
(E) and offset information (F) fromthe outside of
the | oop, both provided by a CPU (47) outside of
t he frequency synthesizer to nodify the | oop
characteristics to thereby produce the phase
i ncrenental value, wherein the phase increnent
correction nmeans conprise a multiplier (45)
receiving the loop control information (D) and the
gain information (E) and form ng a product
t hereof, and an adder (46) arranged at the out put
side of the multiplier and receiving the offset
information (F) and form ng a sumof the offset
informati on and the product which is output by the
mul tiplier,

wher eby an out put synchroni zing signal (I) which
follows the frequency of the reference signal (A J) is
generated, the reference signal (A J) being variable
over a broad range."

Clainms 2 to 4 of the auxiliary request are dependent on
claim1.

The argunents of the appellant can be summari sed as
fol |l ows:
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Docunent D1 disclosed an arrangenent with a direct
digital synthesizer incorporated inside a phase-|ocked
| oop conprising features (a), (b) and (c) as specified
inclaiml of the main and auxiliary requests. However,
docunent D1 did not disclose phase increment correction
means. In particular the purpose of the fixed register
16 shown in docunment D1 was to set a nom nal frequency
for the phase | ocked | oop, not to provide a correction.
Furthernmore D1 did not nention any gain correction or
mul tiplier.

Docunent D3 described a different kind of apparatus,
namely an NCO (nunerically controlled oscillator), and
not a DDS (direct digital synthesizer) as in docunent
D1. Thus, it would not be obvious to the skilled person
to conbine D3 with D1. Furthernore, D3 did not describe
in any detail the |oop bandwi dth control unit 8

menti oned therein. In the arrangenent described in D3,
a multiplier 7 was di sposed at the output side of an
accumnul ator, before a phase conparator, and not at the
i nput side of the accunulator as in the invention.
Positioning the multiplier before the phase conparator,
as in D3, resulted in increased jitter as conpared to
the invention, in which the nultiplier was positioned
downst ream of the phase conparator. There was al so no
suggestion in the prior art that a nmultiplier receiving
gain information and an adder receiving of fset

i nformati on should be positioned as specified in
claim1l of the auxiliary request.

Nei ther D1 nor D3, nor any of the other docunents cited
in the exam nation procedure, nentioned a CPU. The use
of a CPUin the kind of apparatus to which the
invention related was therefore not docunented.
Furthernore, the use of a CPU was not as common at the
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priority date of the invention, as it was to becone

| ater. The description of the present application
indicated that a setting switch or a CPU could be used
to provide a set value for the gain information or the
offset information. In the case of a setting switch, an
operator provided intelligence in actuating the swtch.
When a CPU was used as specified in the clains, it also
provided intelligence in setting the gain information
and the offset information. The invention avoi ded
uncoordi nated information acting on the | oop, which
could result in increased jitter, by providing both the
gain information and the offset information froma
common CPU that processed both information signals.

Thus, a nultiplicity of steps was necessary to arrive
at the invention by way of a conbination of D1 with D3,
and sonme of these steps were undocunented, which showed
that the invention involved an inventive step.
Furthernore, there was no indication that the skilled
person woul d, as opposed to could, arrive at the
arrangenment defined by the present cl ains.

Reasons for the Decision

1

1136.D

The appeal is adm ssible.

The appell ant agrees with the board that docunent D1

di scl oses a frequency synthesi zer arrangenent having
features (a), (b) and (c) of claim1 of either request.
In particular, in the arrangenent of D1, an incom ng
signal is coupled to an input of a phase conparator 10
whi ch al so receives, on another input, an output signal
of the synthesizer. The output signal fromthe phase
conparator is an anal og signal which is | ow pass
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filtered and converted to a digital signal by a | ow
pass filter 102 and an anal og-to-digital converter 11,
respectively. The arrangenent described in D1
furthernore includes a digital register 16 in which a
nunber representing a base or nom nal frequency is set
fromthe outside of the phase-|ocked | oop. An adder 15
adds the nunber in the register 16 to digital |oop
control information derived fromthe filtered and A/D
converted output of the phase conparator 10. The result
of the addition is transferred to the input of a
digital accumulator 17, the output of which is used as
an address to performa table | ook-up in a read-only-
menory to read out signal val ues approximating a sine
wave. After digital-anal og conversion and filtering of
t he signal values read out, an output signal is
obt ai ned which follows the frequency of the variable
reference signal applied at the input of the phase
conparator 10 and which is applied to the other input
of the phase conparator 10.

The digital register 16 and the adder 15 nentioned in
D1 are provided at the input side of the accumul ator 17
to add an offset value, which is provided from outside
t he phase-| ocked |oop, to the |oop control information.
The digital register 16 and adder 15 thus produce the
effect of nodifying the | oop characteristics. In
particular, they shift the follow up range of the | oop,
which is the effect provided by the "offset
information" specified in claiml of the present
application. Thus, the board regards the digital

regi ster 16 and adder 15 of Dl as constituting phase
increnent correction nmeans in the sense of the present
i nvention.

The subject-matter of claim1 of the main request
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differs fromthe arrangenent disclosed in Dl in that

t he phase increnent correction neans, which are
provided at the input side of the accunul ator neans,
are adapted to receive not only offset information but
also gain information fromthe outside of the phase-

| ocked | oop, and that both the offset information and
the gain information are provided by a CPU outside of
t he frequency synthesi zer.

The subject-matter of claim1l of the auxiliary request
differs fromthe arrangenent disclosed in D1, in
addition to the differences found for the main request
and identified above, also in that a multiplier is
provided for receiving the |loop control information and
the gain information and form ng a product thereof, and
that an adder is arranged at the output side of the
multiplier for receiving the offset information and
formng a sumof the offset information and the product
which is output by the multiplier.

Docunent D3 describes a digital phase-locked |oop in
whi ch t he bandw dth, and thus the breadth of the

foll owup range of the loop is adjusted by neans of a
mul tiplier 7 operating to adjust the | oop gain under
the control of a |oop bandwi dth control unit 8. The
multiplier 7 is positioned between the output of a
digital accunulator 1, 4 and a first input of a phase
detector latch 9 which sanples the value C at the
output of the nultiplier 7 in response to a transition
in a square wave F constituting a reference signa
applied to a second input of the phase detector |atch
9. The latter thereby provides a nunber representative
of the phase error of the output signal of the digital
accunul ator with respect to said square wave. According
to D3, the multiplier 7 preferably inplenents the
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mul tiplication by shifting the nunber it receives from
the digital accunmulator 1, 4. Furthernore, the phase-

| ocked | oop of D3 conprises a frequency offset adder 3
which allows the centre frequency of the operation of

t he phase-|ocked |oop to be adjusted at will and, to
that effect, adds a centre frequency control word G
froma centre frequency control unit 2 to |loop contro
information E derived fromthe out put of the phase
detector latch 9.

Bot h docunents D1 and D3 relate to phase-| ocked | oops
with digital accunulators, in which the foll owup range
of the loop is shifted by digitally adding a nunber
representing an offset value to the | oop control
information representing the phase error. Thus, the
board considers that docunent D3 is so close to
docunent D1 that it would be part of the state of the
art taken into account by the designer of the frequency
synt hesi zer arrangenent disclosed in D1.

The probl em of adjusting the breadth of the foll ow up
range of the phase-locked | oop of D1, which is
mentioned in the present application, is obvious to the
skilled person in view of D3, which suggests adjusting
t he bandw dth and thus the breadth of the follow up
range by nodifying the | oop gain.

The preferred inplenentation described in D3 for
adjusting the loop gain is digital and consists in
shifting a nunber which represents in digital formthe
val ue of the phase error in the loop, so as to nultiply
this digital value under the control of a bandw th
control unit. In the view of the board, the skilled
person would tend to resort to this known digital

i npl enentation for providing adjustnment of the |oop



1136.D

. 10 - T 1180/ 00

gain in the arrangenent described in D1. Therefore, it
woul d be obvious to the skilled person to insert a
shift multiplier in the digital portion of the | oop
described in D1. The skilled person would not insert
the shift nmultiplier between the output of the adder 15
and the input of the accunulator 17 of D1, because at
that location the nmultiplier would shift nultiply and
thus significantly change the base or nom nal frequency
specified by the nunber in the digital register 16,
which is clearly undesirable. However, it is apparent
to the skilled person that the shift multiplier could
appropriately be inserted at any position in the
digital portion of the |oop described in D1 where it
woul d not change the base or nom nal frequency of the

| oop. Thus, an obvious possibility for the skilled
person would be to insert the shift nmultiplier at the

i nput side of the adder 15, so that the adder woul d be
arranged at the output side of the nmultiplier and form
a sumof the offset information it receives fromthe
fixed register and the product which is output by the
mul tiplier.

Nei t her docunent D1 nor docunent D3 indicate precisely
whi ch source provides the offset information that is
added to the |l oop control information. Furthernore D3
does not indicate precisely how the shift nmultiplier is
controlled by the | oop bandwi dth control unit.

However, D1 indicates that the arrangenent descri bed
there is useful in comunications equi prent and, in the
j udgenent of the board, it is notorious, even if not
docunented, that at the priority date of the present
application, i.e. in 1993, it was usual to control
communi cat i ons equi pnment by neans of CPUs provided
therein. It is also notorious that a CPUis a digital
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device able to provide digital information to circuitry
external thereto. Thus, the board considers that a CPU
constitutes an obvious possibility for providing
digital information, in particular gain and of fset
information, to the digital portion of a phase |ocked
loop. In this respect, the board further observes that
t he present application discloses that the CPU provides
the gain information and the offset information, but
not that it processes this information.

10. Therefore, the board has cone to the concl usion that,
starting fromthe prior art disclosed in docunent D1,
the skilled person would arrive in an obvious manner at
the subject-matter of claiml, in accordance with
either the main or the auxiliary request, which thus

cannot be considered as involving an inventive step in
t he sense of Article 56 EPC.

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Sauter R G O Connel
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