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SIGMA-DELTA ANALOG-TO-DIGITAL CONVERTER AND METHOD

Technical Field
This invention relates generally to analog-to-digital conversion and more

particularly to sigma-delta analog-to-digital conversion.

Background

Analog-to-digital (A/D) conversion, including sigma-delta A/D converters, are
known in the art. In general, A/D conversion serves to translate a given analog
electrical signal (over a given range of potential signal values) into a series of
corresponding digital counterparts. Such conversions are typically not 100% accurate
and such inaccuracy gives rise to various artifacts including quantization noise and
harmonic distortion. One source of such error lies with variability amongst the
elements (current sources, resisters, and so forth) that comprise the digital-to-analog
(D/A) converter that is embedded within the negative feedback loop of a sigma-delta
A/D. Various prior art techniques have been proposed to attempt to minimize such
noise under at least some operating conditions.

Dynamic element matching (DEM) is also known in the art. DEM has been
previously used with Nyquist-based A/D conversion to select (either randomly or

pursuant to a so-called calibration scheme) specific elements in the embedded D/A to

‘thereby attempt to offset creation of some of the above artifacts. Typically, such

approaches have tended to reduce harmonic distortion while raising the overall noise
floor. For some applications this has been acceptable but satisfactory application has
been limited.

To produce an A/D converter with improved resolution, one must use more
bits, a faster clock, and/or more complicated noise shaping strategies.
Notwithstanding some limited success, prior use of DEM (including variations known
as individual level averaging and data weighted averaging) has not worked well to
facilitate improved resolution in an A/D converter. One significant obstacle has been
the propagation delay inherent to such an approach as versus the need to provide a
relatively current negative feedback signal in the sigma-delta A/D converter. The

more stale the feedback signal, the more likely the ultimate conversion will suffer



10

15

20

25

30

WO 03/094356 PCT/US03/08252
2
errors and hence unwanted artifacts. Typically an A/D converter will output a next
digital representation with each succeeding clock signal. Prior solutions have either
required multiple clock cycles to support a large number of bits and/or unit elements
(in the feedback loop D/A converter), thereby assuring that the feedback loop
information will be stale as compared to the input information, or have limited the
number of bits (typically 3 or 4) and/or unit elements of the feedback loop D/A
converter (typically 8 to 16) to ensure that the feedback signal can be processed and
presented in a timely fashion. These upward limits have retarded an ability to design
an A/D converter supporting more bits and unit elements and hence, higher resolution.
A continuing need exists for a way to facilitate the design and fabrication of a
sigma-delta analog-to-digital converter that can utilize more bits and unit elements
and thereby achieve better resolution (over a given signal bandwidth ) and/or a greater

signal bandwidth with comparable resolution.

Brief Description of the Drawings

The above needs are at least partially met through provision of the sigma-delta
analog-to-digital converter described in the following detailed description,
particularly when studied in conjunction with the drawings, wherein:

FIG. 1 comprises a block diagram of a sigma-delta analog-to-digital converter
as configured in accordance with an embodiment of the invention;

FIG. 2 comprises a graph conceptually illustrating differing analog outputs for
different unit elements of a negative feedback loop digital-to-analog converter;

FIG. 3 comprises a block diagram detailed view of various embodiments of a
dynamic element matching unit as configured in accordance with an embodiment of
the invention;

FIG. 4 comprises a flow diagram of a process as configured in accordance
with an embodiment of the invention;

FIGS. 5 through 7 represent unit element assignment in accordance with an
embodiment of the invention;

FIG. 8 comprises a flow diagram for details pertaining to an alternative

approach as configured in accordance with an embodiment of the invention; and



10

15

20

25

30

WO 03/094356 PCT/US03/08252
3

FIG. 9 comprises a flow diagram for details pertaining to yet another
alternative approach as configured in accordance with an embodiment of the
invention.

Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of various embodiments of the
present invention. Also, common but well-understood elements that are useful or
necessary in a commercially feasible embodiment are often not depicted in order to
facilitate a less obstructed view of these various embodiments of the present

invention.

Detailed Description

Generally speaking, pursuant to these various embodiments, a sigma-delta
analog-to-digital converter includes a clock, a converter output that is responsive to
the clock such that newly determined output information is provided at the converter
output with each clock pulse, and a negative feedback loop that is operably coupled to
the converter output and that includes an embedded digital-to-analog converter that
provides a feedback signal output that is operably coupled to an input of the analog-
to-digital converter. The sigma-delta analog-to-digital converter further includes a
dynamic element matching unit that is operably coupled to the embedded digital-to-
analog converter, wherein the dynamic element matching unit ensures that a resultant
feedback signal at the feedback signal output corresponds to output information that is
no more than one clock cycle behind the most newly determined output information.

In one embodiment, the embedded digital-to-analog converter includes a
plurality of unit elements that cumulatively form the resultant feedback signal.
Usually, these unit elements will each contribute a value that is similar, but not
identical, to the values potentially contributable by the other unit elements.

In one embodiment the dynamic element matching unit selects the individual
unit elements that are to be used at any given time to collectively represent a given
feedback signal. In general, the dynamic element matching unit assigns at least one

particular unit element as a function of the converter output, wherein the converter
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output corresponds to an analog input to the input of the analog-to-digital converter
that is prior to an analog input that is presently being presented to the input of the
analog-to-digital converter. This selection can be based upon, for example, a
previously stored repetitive sequential pattern. In one embodiment the beginning
location within the sequential pattern is selected as a function, at least in part, of a
most recently utilized unit element. In turn, the most recently utilized unit element can
be a function of output information as was most recently determined.

In yet other embodiments, the direction in which the repetitive sequence is
used can be modified in a variety of ways. Pursuant to one approach, the direction of
using the sequence is reversed from time to time. The reversal trigger can be varied as
appropriate to the application. Pursuant to one approach, reversal may be delayed
until the sequence concludes on a previously identified unit element within the
sequence.

Pursuant to these various embodiments a sigma-delta analog-to-digital
converter can be fashioned that can considerably exceed prior practical considerations
with respect to bits and/or unit elements. For example, while prior art converters of
this type are more typically limited to 3 or 4 bits of resolution, these embodiments
will readily support 6 bits of resolution — a factor of four improvement. Further,
while prior art converters of this type are typically limited to 7 to 15 unit elements, at
least some of these embodiments permit use of up to 63 unit elements and greater as
the speed of integrated circuit technologies improve.

Referring now to the drawings, FIG. 1 depicts a sigma-delta analog-to-digital
converter 10 that will support operation pursuant to the various embodiments taught
herein. In a conventional fashion, this converter 10 includes an input for receiving an
analog signal X. This input signal has a feedback signal subtracted 11 therefrom with
the resultant signal passing through a noise shaping filter 12 and an analog-to-digital
converter 13. The latter provides a digital representation Y that corresponds to its
input with each clock pulse as received from a clock. A negative feedback loop
containing a digital-to-analog converter 15 converts the digital output Y into a
corresponding analog signal that is subtracted 11 from the incoming analog signal X

as mentioned above. The above elements are typical components of a sigma-delta
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5
analog-to-digital converter and additional description thereof will not be provided for
the sake of brevity and focus.

FIG. 1 also depicts a dynamic element matching unit 14 (DEM) in the
negative feedback loop of the converter 10. The DEM 14 serves to select which unit
elements of the digital-to-analog converter 15 are utilized to express a given
converted digital input. In these embodiments, the DEM 14 utilizes at least one
predetermined sequential pattern for so assigning the unit elements. The DEM 14
makes an appropriate assignment of the unit elements to both aid in minimizing
creation of artifacts due to dissimilarities between the unit elements and within a short
enough time frame to ensure that the feedback signal being provided at the input
subtracter 11 is no more than one clock cycle behind the present output value Y.

FIG. 2 represents at least part of the problem being addressed by the DEM 14.
In the example provided, a given digital-to-analog converter has 4 unit elements.
Ideally, each unit element provides an analog output signal that is exactly identical to
one another. Under such conditions, if an analog signal of “3” is desired, and if each
unit element provides an analog output value of “1,” then the desired analog signal
output of “3” could be obtained by simply combining any three unit elements.
Unfortunately, however, unit elements are typically not exactly identical. Instead, as
shown, some (21 and 24) may exceed a desired intended value by a varying amount
and some (22 and 23) may fall short of the desired intended value. When combining
different groups of three from such an assortment, a number of different variations of
“3” as a combined analog output will of course result. Artifacts such as noise and
harmonic distortion will result when using such unit elements. The DEM 14 in these
embodiments, however, serves to use the unit elements in such as way as to generally
minimize the overall noise floor and harmonic distortion levels attributable thereto.

Referring now to FIG. 3, the DEM 14 includes a mechanism for effectively
using a predetermined sequence of unit elements. In a first embodiment of the
invention, an index is used to store the pointer that identifies the starting element that
will be used for the present code word being converted to analog form. Before
discussing this index in greater depth, it may help to first explain the predetermined

sequence pattern contemplated in this embodiment.
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Presuming for purposes of this explanation a digital-to-analog converter
having seven unit elements, these seven unit elements can be sequentially ordered into
what effectively amounts to a sequentially indexed circular array. Such an array is
logically depicted in FIGS. 5, 6, and 7. In these figures, the unit elements do not each
comprise an equal portion of the circle. Instead, some, such as unit element number 7,
are relatively smaller and others, such as unit element number 4, are relatively larger.
These size differences exemplify the variations in the outputs of the unit elements as
noted above.

In this embodiment, the DEM 14 begins with unit element number 1 (51) and,
to express the value of “3,” will use three sequential unit elements 51, 52, and 53. As
shown in FIG. 6, the DEM 14 will then begin selection of the next unit elements with
the next unit element in the rotational sequence, in this case, unit element number 4
(61). Therefore, to express the value of “2,” the DEM 14 will select two unit
elements 61 and 62 beginning with the particular unit element as just specified.
Similarly, and as depicted in FIG. 7, if the next value to express is “4,” the DEM 14
would select unit element number 6 (71) and also use the next three unit elements 72,
73, and 74 in the rotational sequence.

As already noted, the DEM 14 uses an index to store the pointer to the
starting unit element. More particularly, a present code word enters the DEM as a
binary code and as a thermometer code. The thermometer-coded version passes
through a barrel shifter 34 through 38 that is implemented with a plurality of
transmission gates. The barrel shifter serves to rotate the thermometer code bits by an
amount that is stored in the index 33. As the thermometer code is being rotated, the
starting index for the next code word as provided by an encoder 31 is being calculated
by summing in an adder 32 the current index with the binary value of the present code
word.

The barrel shifter is controlled by the binary encoded index value. The
barrel shifter is made up of a series of shifter cells. The first shifter cell rotates
the thermometer encoded input by either one position or zero depending on the
value of a single bit control signal. The second shifter cell rotates the
thermometer encoded input by either two positions or zero depending on the

value of its respective control signal. The third shifter cell rotates the
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thermometer encoded input by either four positions or zero depending on the
value of its control signal. Each shifter cell is controlled by one of the binary
digits of the index value — the least significant bit of the index controls the first
shifter cell, the next least significant bit controls the second shifter cell, and so
on. The number of shifter cells required is equal to the number of digits
contained in the index.

Normally, the maximum value contained in the index is the binary
representation of the number of unit elements in the DAC. Because the index
value is always being incremented by some positive value, however, the adder
will occasionally overflow and generate a carry value. To accommodate the
overflow situation, an additional index bit and a corresponding shifter cell is
provided in a preferred embodiment that is controlled by the index carry bit.
Shifting by zero units and shifting by the number of units in the DAC are
equivalent situations. Similarly, shifting by one unit and shifting by the number
of unit elements plus one are also equivalent situations. From this, it can be
shown that whenever a carry bit is generated by the binary arithmetic the
proper response of the barrel shifter is to shift the thermometer encoded control
to the DAC by one position.

Referring now to FIG. 4, in effect, the DEM 14 serves to scramble 40 the use
of the unit elements by establishing an element sequential pattern 41 (such as the
sequential repeating pattern described above ) and then using the number of unit
elements most recently used and the previous start point to identify and update 42 a
new start point. That new start point is theﬁ used 43 to assign a next sequénce of unit
elements.

In this way, this embodiment is able to reduce the amount of delay typically
needed by prior art data weighted averaging approaches. Reducing the delay in the
feedback path helps to maintain the stability of the delta-sigma feedback loop and
allow for more bits to be accommodated in the DAC.

The above approach can aid in lowering the effective noise floor. Such an
approach, however, will not necessarily aid in minimizing harmonic distortion. Signal
dependent tones can cause the described process to periodically select the same

elements. When this happens, correlated tones will often result at the output of the
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digital-to-analog converter. To aid in reducing such distortion, the direction in which
the DEM 14 uses the predetermined repeating sequence can be reversed 39 (FIG. 3)
from time to time. Pursuant to one simple approach, the DEM 14 can reverse the
direction of rotation with each iteration of the index. Such an approach may be
suitable for some applications but often is not sufficient to satisfactorily reduce the
tone problem. Two alternative approaches are now presented.

In a first preferred approach, set forth in FIG. 8, the reverse operation 80 sets
81 a cycle marker to specify a location where a current direction of rotation begins
and then monitors 82 for a reverse command (such a command can be provided in a
variety of ways including on a pseudorandom basis). When a reverse indication
occurs, the process then determines 83 whether the sequence has again arrived exactly
at the previously set cycle marker. When the sequence does eventually achieve this
coincidence, at that point the process reverses 84 the direction of rotation and the
process can begin anew. This process is relatively simple and is relatively effective in
minimizing harmonic distortion.

In an alternative, less preferred approach, the reversing process reverses
whenever a reversing indication is made, but the sequence, once reversed, will start at
a starting point that corresponds to the last time the sequence was progressing in this
direction. In short, the DEM 14 now tracks two starting points, one for each direction
of rotation, and uses them accordingly. FIG. 9 presents one way to achieve such an
approach. Again, the reversing process 90 continuously updates 91 the startpoints for
the sequence when progressing or rotating in a given direction A. Upon detecting 92 a
reverse instruction or signal, the process reverses 93 the order of rotation while using
the present startpoint as the relevant point of interest. The process then updates 94 the
startpoints that correspond to progressing through the sequence in direction B.

When a reverse signal is next detected 95, the p'rocess reverses 96 the
sequence to rotate in direction A beginning at the starting point that corresponds as
described to the last startpoint used when rotating in direction A. This, again, is in the
alternative to reversing direction and using the most recent direction B startpoint for
reference. Direction A startpoints are again updated 97 until a new reverse signal is
detected 98, at which point the process reverses 99 the sequence direction to direction

B and begins anew with a starting point that correlates to the startpoint for the last
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time the sequence was progressing in direction B. Direction B startpoints are then
updated 100 as before until, again, a reverse instruction is detected 101 and the
process continues as described.

So configured, and viewed another way, it can be seen that the assignment of
control lines to respective digital-to-analog unit elements is completed before the
control lines have arrived at their respective next states. Further, it can be seen that the
assignment of such control lines is dependent only upon previous states of the control
lines and does not depend upon knowledge of the present state of the control lines.
These conditions facilitate completion of the appropriate rearrangement of the
connection(s) between the thermometer encoded quantizer output lines and the
digital-to-analog converter before the quantizer arrives at its next state (and also
without knowledge of the quantizer's present state). These configurations also benefit
temporally because the arithmetic unit used to perform the computation of the
assignment of the quantizer output lines to the digital-to-analog converter unit
elements is performed outside of the negative feedback loop, such that the arithmetic
unit adds no appreciable delay to the feedback loop.

In effect, pursuant to these embodiments, the DEM utilizes a form of data
weighted averaging while no longer necessitating in-line logic activity that unduly
contributes to propagation delay through the feedback loop. Instead, the propagation
delay owing to D/A converter unit element selection is largely dependent on the
propagation delay of transmission gates alone. Since the latter are typically temporally
efficient, the feedback path delay is reduced and therefore allowing of more bits in the
overall delta-sigma converter. Such bits can either be used for extended signal
bandwidth , resolution, or a combination of both.

Those skilled in the art will recognize that a wide variety of modifications,
alterations, and combinations can be made with respect to the above described
embodiments without departing from the spirit and scope of the invention, and that
such modifications, alterations, and combinations are to be viewed as being within the
ambit of the inventive concept. It should particularly be noted that these teachings are
applicable to single-ended digital-to-analog converters and to fully-differential digital-

to-analog converters as used in the feedback loop of an analog-to-digital converter.
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We claim:

1. A sigma-delta analog-to-digital converter having:
- a clock;
- a converter output operably coupled to the clock such that newly determined output
information is provided with each clock pulse;

- a negative feedback loop operably coupled to the converter output and comprising
an embedded digital-to-analog converter that provides a feedback signal output that is
operably coupled to an input of the analog-to-digital converter;

- a dynamic element matching unit operably coupled to the embedded digital-to-
analog converter, wherein the dynamic element matching unit ensures a resultant
feedback signal at the feedback signal output that corresponds to output information
that is no more than one clock cycle behind the most newly determined output
information and wherein the dynamic element matching unit assigns at least one
particular element in the embedded digital-to-analog converter as a function of the
converter output, wherein the converter output corresponds to an analog input to the
input of the analog-to-digital converter that is prior to an analog input that is presently

being presented to the input of the analog-to-digital converter.

2. The sigma-delta analog-to-digital converter of claim 1 wherein the embedded
digital-to-analog converter is comprised of a plurality of unit elements that

cumulatively form the resultant feedback signal.

3. The sigma-delta analog-to-digital converter of claim 2 wherein the plurality of unit
elements each selectively contributes either of at least two possible values to the

resultant feedback signal.

4. The sigma-delta analog-to-digital converter of claim 3 wherein one of the at least

two possible values represents a logical low

5. The sigma-delta analog-to-digital converter of claim 4 wherein a remaining one of
the at least two possible values is an amount that is substantially identical for each of

the plurality of unit elements.
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6. The sigma-delta analog-to-digital converter of claim 5 wherein the remaining one
of the at least two possible values is not exactly equal for each of the plurality of unit

elements.

7. The sigma-delta analog-to-digital converter of claim 6 wherein the dynamic
element matching unit selects individual unit elements to thereby form the resultant

feedback signal pursuant to at least one previously stored repetitive sequential pattern.

8. The sigma-delta analog-to-digital converter of claim 7 wherein the dynamic
element matching unit further selects individual unit elements to thereby form the
resultant feedback signal based, at least in part, upon a most recently utilized

individual unit element.

9. The sigma-delta analog-to-digital converter of claim 7 wherein the dynamic
element matching unit forms the resultant feedback signal by identifying a beginning
location and a concluding location within the previously stored repetitive sequential

pattern.

10. The sigma-delta analog-to-digital converter of claim 9 wherein the dynamic
element matching unit forms the resultant feedback signal for use in determining next-
to-be-determined output information by identifying a beginning location and a
concluding location within the previously stored repetitive sequential pattern of
individual unit elements as based, at least in part, upon most recently determined

output information.

11. A method of converting analog information into corresponding digital
information, comprising:

within one clock cycle:

- providing digital information that corresponds to a most recently provided analog

information sample to thereby provide a digital feedback signal;
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- using a predetermined repetitive sequential pattern of individual unit element usage
to convert the digital feedback signal into a corresponding analog feedback signal;
- providing current analog information;
- comparing the current analog information with the analog feedback signal to provide
a resultant analog signal;
- converting the resultant analog signal to provide the corresponding digital

information.

12. The method of claim 11 wherein using a predetermined repetitive sequential
pattern of individual unit element usage to convert the digital feedback signal into a
corresponding analog feedback signal includes only selecting sequentially contiguous
individual unit elements within the predetermined repetitive sequential pattern of
individual unit element usage to convert the digital feedback signal into a

corresponding analog feedback signal.

13. The method of claim 12 wherein only selecting sequentially contiguous individual
unit elements within the predetermined repetitive sequential pattern of individual unit
element usage to convert the digital feedback signal into a corresponding analog
feedback signal includes selecting a particular beginning location of the sequentially
contiguous individual unit elements as a function of a most recently selected sequence

of contiguous individual unit elements.

14. The method of claim 13 wherein selecting a particular beginning location of the
sequentially contiguous individual unit elements as a function of a most recently
selected sequence of contiguous individual unit elements includes selecting a
particular beginning location of the sequentially contiguous individual unit elements
as a function of the individual unit element that concluded the most recently selected

sequence of contiguous individual unit elements.

15. The method of claim 12 wherein only selecting sequentially contiguous individual
unit elements within the predetermined repetitive sequential pattern of individual unit

element usage to convert the digital feedback signal into a corresponding analog
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feedback signal includes selecting a particular concluding location of the sequentially
contiguous individual unit elements as a function of a most recently selected sequence

of contiguous individual unit elements.

16. The method of claim 15 wherein selecting a particular concluding location of the
sequentially contiguous individual unit elements as a function of a most recently
selected sequence of contiguous individual unit elements includes selecting a
particular concluding location of the sequentially contiguous individual unit elements
as a function of the individual unit element that concluded the most recently selected

sequence of contiguous individual unit elements.

17. The method of claim 11 wherein using a predetermined repetitive sequential
pattern of individual unit element usage to convert the digital feedback signal into a
corresponding analog feedback signal includes continuing in a same direction of the
predetermined repetitive sequential pattern of individual unit elements usage as was
most recently used to convert a previous digital feedback signal into a corresponding

previous analog feedback signal.

18. The method of claim 11 wherein using a predetermined repetitive sequential
pattern of individual unit element usage to convert the digital feedback signal into a
corresponding analog feedback signal includes reversing a direction of the
predetermined repetitive sequential pattern as compared to a direction of the
predetermined repetitive sequential pattern of individual unit elements usage as was
most recently used to convert a previous digital feedback signal into a corresponding

previous analog feedback signal.

19. The method of claim 18 wherein reversing the direction includes reversing the

direction on a substantially periodic basis.

20. The method of claim 19 wherein reversing the direction on a substantially periodic

basis includes reversing the direction every other clock cycle.
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21. The method of claim 18 wherein reversing the direction includes reversing the

direction on a substantially non-periodic basis.

22. The method of claim 21 wherein reversing the direction on a substantially non-

periodic basis includes reversing the direction on at least a pseudo-random basis.

23. The method of claim 18 wherein reversing the direction includes only reversing
the direction when a particular beginning location within the predetermined repetitive

sequential pattern has also been selected.



WO 03/094356 PCT/US03/08252

" CLOCK

"

DYNAMIC
ELEMENT MATCHING
UNIT

ANALOG OUTPUT

210 2 2{' 24
\J \|

r 2 3 4
ELEMENTS
FIG. 2
Yo
I

SHIFT 1

|34
|35

J6

SHIFT 1

SHIFT 2

P /
[ME J-35 |2 SHIFT & _J-37

UL [STIFT Tog N5
i 39
Y

REV o—> REVERSE ——ODAC

FIG. 3 °




WO 03/094356

2/4

40— SCRAMBLING

HIGE. 4
41| ESTABLTSH ELENENT
SEQUENTIAL PATTERN
DETERWINE NEW 0SE NEW
24 "START POINT [ LSTART POINT PJ
||3|| ||2||

51

AN

FIG. 5

||4Il

o@ |

FI1G. 6

[

FI1G. 7

&y 6

PCT/US03/08252



WO 03/094356

3/4

80— REVERSE )

81—

SET
CYCLE
MARKER

REVERSE

FIG. 8

PCT/US03/08252



WO 03/094356 PCT/US03/08252

4/4
(_ REVERSE )-«90
UPDATE REVERSE USING
DIRECTION A |91 DIRECTION B |~
START POINT START POINT

NO A UPDATE
DIRECTION B §—100
START POINT

YES

REVERSE |,93 NO YES |

\
UPDATE
DIRECTION B |94
START POINT

NO_—REVERSE
7
»]YES

REVERSE USING
DIRECTION A |96
START POINT

No| 98

/
UPDATE
DIRECTION A YES
START POINT |97

FIG. 9



INTERNATIONAL SEARCH REPORT International application No.

PCT/US03/08252

A. CLASSIFICATION OF SUBJECT MATTER
PC(7) : HO3M 3/00, 1/12
US CL : 341/143, 155
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. :  341/143, 155

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Non Patent Litterature

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
WEST: search terms: delta sigma modulator; delta sigma ADC, feedback embed$; match$

C. DOCUMENTS CONSIDERED TO BE RELEVANT

cited to establish the publication date of another citation or other

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y,P US 6,411,232 B1 (MILLER et al.) 25 June 2002 (06.25.2002), fig. | 1-23
1, col 1, lines 45-52, col 3, line 60 to col 4, line 11, col 5, lines 38-
54.
A US 5,608,400 A (PELLON) 04 March 1997 (03.04.1997), abstract. | 1-23
A US 5,936,562 A (BROOKS et al.) 10 August 1999 (08.10.1999),| 1-23
abstract.
A US 6,124,813 A (ROBERTSON et al.) 26 September 2000{ 1-23
(11.26.2000), abstract.
A US 6,304,608 B1 (CHEN et al.) 16 October 2001 (10.16.2001),| 1-23
abstract.
Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: T later document published after the international filing date or priority
Y . . . date and not in conflict with the application but cited to understand the
A" document defining the general siate of the art which is not considered principle or theory underlying the invention
to be of particular relevance ‘
"E" earlier document published on or after the international filing date X ggﬁls"{gggd‘;fo8:{gﬁug:rnn%eg%‘éaggéiggegliﬁ?ﬁo{%‘;nmi&zgggg tst:s
"L document which may throw doubts on priority claim(s) or which is when the document is taken alone

special reason (as specified) "y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means ' being obvious to a person skilled in the art
“p document published prior to the international filing date but later than ~ ng« document member of the same patent family
the priority date claimed

Date of the actual completion of the international search

01 MAY 2003

Date of mailing of the international search report

69 SEP 2003

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (703) 305-3230

Authorized officer

JEAN B. JEANGLAUDE /(b W
Telephone No.  (703) 306-3405 //'/

Form PCT/ISA/210 (second sheet) (July 1998)x




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US03/08252
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
AP US 6,380,874 B1 (KNUDSEN) 30 April 2002 (04.30.2002), 1-23
abstract.
A, P US 6,384,761 B1 (MELANSON) 07 May 2002 (05.07.2002), 1-23
abstract.

Form PCT/ISA/210 (continuation of second sheet) (July 1998)x




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

