
NOVEL KETOAMIDES WITH CYCLIC P4'S AS INHIBITORS OF NS3
SERINE PROTEASE OF HEPATITIS C VIRUS Field of the
Invention The present invention relates to novel
hepatitis C virus ("HCV") protease inhibitors,
pharmaceutical compositions containing one or more
such inhibitors, methods of preparing such inhibitors
and methods of using such inhibitors to treat
hepatitis C and related disorders. This invention
additionally discloses novel macrocytic compounds as
inhibitors of the HCV NS3/NS4a serine protease. This
application claims priority from U.S. provisional
patent application Serial Number 60/548,506 filed
February 27, 2004. Background of the Invention
Hepatitis C virus (HCV) is a (+)-sense single-stranded
RNA virus that has been implicated as the major
causative agent in non-A, non-B hepatitis (NANBH),
particularly in blood-associated NANBH (BB-NANBH)
(see, International Patent Application Publication No.
WO 89/04669 and European Patent Application
Publication No. EP 381 216). NANBH is to be
distinguished from other types of viral-induced liver
disease, such as hepatitis A virus (HAV), hepatitis B
virus (HBV), delta hepatitis virus (HDV),
cytomegalovirus (CMV) and Epstein-Barr virus (EBV), as
well as from other forms of liver disease such as
alcoholism and primary biliar cirrhosis. Recently, an
HCV protease necessary for polypeptide processing and
viral replication has been identified, cloned and
expressed. (See, e.g., U.S. Patent No. 5,712,145).
This approximately 3000 amino acid polyprotein
contains, from the amino terminus to the carboxy
terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural
proteins (NS1, 2, 3, 4a, 5a and 5b). NS3 is an
approximately 68 kda protein, encoded by approximately
1893 nucleotides of the HCV genome, and has two
distinct domains: (a) a serine protease domain
consisting of approximately 200 of the N-terminal
amino acids; and (b) an RNA-dependent ATPase domain at
the Cterminus of the protein. The NS3 protease is
considered a member of thechymotrypsin family because
of similarities in protein sequence, overall
threedimensional structure and mechanism of catalysis.
Other chymotrypsin-like enzymes are elastase, factor
Xa, thrombin, trypsin, plasmin, urokinase, tPA and
PSA. The HCV NS3 serine protease is responsible for
proteolysis of the polypeptide (polyprotein) at the
NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions
and is thus responsible for generating four viral
proteins during viral replication. This has made the
HCV NS3 serine protease an attractive target for
antiviral chemotherapy. The inventive compounds can
inhibit such protease. They also can modulate the
processing of hepatitis C virus (HCV) polypeptide. It
has been determined that the NS4a protein, an
approximately 6 kda polypeptide, is a co-factor for
the serine protease activity of NS3. Autocleavage of
the NS3/NS4a junction by the NS3/NS4a serine protease
occurs intramolecularly (Ie., cis) while the other
cleavage sites are processed intermolecularly (i.e.,
trans). Analysis of the natural cleavage sites for HCV
protease revealed the presence of cysteine at P1 and
serine at PV and that these residues are strictly
conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b
junctions. The NS3/NS4a junction contains a threonine
at P1 and a serine at P1\ The Cys Thr substitution at
NS3/NS4a is postulated to account for the requirement
of cis rather than trans processing at this junction.
See, e.g., Pizzi et al. (1994) Proc. Natl. Acad. Sci.
(USA) _9_l:888-892, Failla et al. (1996) Folding &
Design 1:35-42. The NS3/NS4a cleavage site is also
more tolerant of mutagenesis than the other sites.
See, e.g. , Kollykhalov et al. (1994) J. Virol.
68:7525-7533. It has also been found that acidic
residues in the region upstream of the cleavage site
are required for efficient cleavage. See, e Komoda et
al. (1994) J. Virol. 68:7351-7357. Inhibitors of HCV
protease that have been reported include antioxidants
(see, International Patent Application Publication No.
WO 



98/14181 ), certain peptides and peptide analogs (see,
International Patent Application Publication No. WO
98/17679, Landro et al. (1997) Biochem. 36:9340-9348,
lngallinella et aL (1998) Biochem. 37:8906-8914,
Llinas- Brunet elal. (1998) Bioorg. Med. Chem. Lett.
8:1713-1718), inhibitors basedon the 70-amino acid
polypeptide eglin c (Martin et al. (1998) Biochem.
37:1 1459-11468, inhibitors affinity selected from
human pancreatic secretory trypsin inhibitor
(hPSTI-C3) and minibody repertoires (MBip) (Dimasi et
al. (1997) J. Virol. 71:7461-7469), cVHE2 (a
"camelized" variable domain antibody fragment) (Martin
et aU1997) Protein Enq. 10:607-614). and a1-
antichymotrypsin (ACT) (Elzouki et al.) (1997) J.
Hepat. 27:42-28). A ribozyme designed to selectively
destroy hepatitis C virus RNA has recently been
disclosed (see, BioWorld Today9(217): 4 (November 10,
1998)). Reference is also made to the PCT
Publications, No. WO 98/17679, published April 30,
1998 (Vertex Pharmaceuticals Incorporated); WO
98/22496, published May 28, 1998 (F. Hoffmann-La Roche
AG); and WO 99/07734, published February 18, 1999
(Boehringer lngelheim Canada Ltd.). HCV has been
implicated in cirrhosis of the liver and in induction
of hepatocellular carcinoma. The prognosis for
patients suffering from HCV infection is currently
poor. HCV infection is more difficult to treat than
other forms of hepatitis due to the lack of immunity
or remission associated with HCV infection. Current
data indicates a less than 50% survival rate at four
years post cirrhosis diagnosis. Patients diagnosed
with localized resectable hepatocellular carcinoma
have a five-year survival rate of 10-30%, whereas
those with localized unresectable hepatocellular
carcinoma have a five-year survival rate of less than
1%. Reference is made to WO 00/59929 (US 6,608,027,
Assignee: Boehringer lngelheim (Canada) Ltd.;
Published October 12, 2000) which discloses peptide
derivatives of the formula:Reference is made to A.
Marchetti et a/, Synlett, Sl, 1000-1002 (1999)
describing the synthesis of bicylic analogs of an
inhibitor of HCV NS3 protease. A compound disclosed
therein has the formula: Reference is also made toW.
Han et al, Bioorganic & Medicinal Chem. Lett, (2000)
10, 711-713, which describes the preparation of
certain a- ketoamides, a-ketoesters and a-diketones
containing allyl and ethyl functionalities. Reference
is also made to WO 00/09558 (Assignee: Boehringer
lngelheim Limited; Published February 24, 2000) which
discloses peptide derivatives of the formula: where
the various elements are defined therein. An
illustrative compound of that series is:Reference is
also made toWO 00/09543 (Assignee: Boehringer
lngelheim Limited; Published February 24, 2000) which
discloses peptide derivatives of the formula: where
the various elements are defined therein. An
illustrative compound of that series is:Reference is
also made to U.S. 6,608,027 (Boehringer Ingelheim,
Canada) which discloses NS3 protease inhibitors of the
type: wherein the various moieties are defined
therein. Current therapies for hepatitis C include
interferon- a (INFa) and combination therapy with
ribavirin and interferon. See, e.g., Beremquer et al.
(1998) Proc. Assoc. Am. Physicians 110(2):98-112.
These therapies suffer from a low sustained response
rate and frequent side effects. See, e.g., Hoofnagle
et al. (1997) N. Engl. J. Med. 336:347. Currently, no
vaccine is available for HCV infection. Reference is
further made to WO 01/74768 (Assignee: Vertex
Pharmaceuticals Inc) published October 11, 2001 ,
which discloses certain compounds of the following
general formula (R is defined therein) as NS3- serine
protease inhibitors of Hepatitis C virus:A specific
compound disclosed in the afore-mentioned WO 01/74768
has the following formula: PCT Publications WO 01/771
13;WO 01/081325; WO 02/08198; WO 02/08256; WO
02/08187; WO 02/08244; WO 02/48172; WO 02/08251 ; and
pending U.S. patent application, Serial No.
10/052,386, filed January 18, 



2002, disclose various types of peptides and/or other
compounds as NS-3 serine protease inhibitors of
hepatitis C virus. The disclosures of those
applications are incorporated herein by reference
thereto. There is a need for new treatments and
therapies for HCV infection. There is a need for
compounds useful in the treatment or prevention or
amelioration of one or more symptoms of hepatitis C.
There is a need for methods of treatment or prevention
or amelioration of one or more symptoms of hepatitis
C. There is a need for methods for modulating the
activity of serine proteases, particularly the HCV
NS3/NS4a serine protease, using the compounds provided
herein. There is a need for methods of modulating the
processing of the HCV polypeptide using the compounds
provided herein.Summary of the Invention In its many
embodiments, the present invention provides a novel
class of inhibitors of the HCV protease,
pharmaceutical compositions containing one or more of
the compounds, methods of preparing pharmaceutical
formulations comprising one or more such compounds,
and methods of treatment or prevention of HCV or
amelioration of one or more of the symptoms of
hepatitis C using one or more such compounds or one or
more such formulations. Also provided are methods of
modulating the interaction of an HCV polypeptide with
HCV protease. Among the compounds provided herein,
compounds that inhibit HCV NS3/NS4a serine protease
activity are preferred. The present invention
discloses compounds having the general structure shown
in structural Formula 1: Formula wherein: R1 is H,
OR8, NR9R10, or CHR9R10, wherein R8, R9 and R10 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, OR, NHR,
NRR', SR, SO2R, and halo; or A and M are connected to
each other (in other words, A-E-L-M taken together)
such that the moiety:shown above in Formula I forms
either a three, four, six, seven or eightmembered
cycloalkyl, a four to eight-membered heterocyclyl, a
six to tenmembered aryl, or a five to ten-membered
heteroaryl; E is C(H) or C(R); L is C(H), C(R),
CH2C(R), or C(R)CH2; R, R', R2, and R3 can be the same
or different, each being independently selected from
the group consisting of H, alkyl-, alkenyl-, alkynyl-,
cycloalkyl-, heteroalkyl-, heterocyclyl-, aryl-,
heteroaryl-, (cycloalkyl)alkyl-, (heterocyclyl)alkyl-,
aryl-alkyl-, and heteroaryl-alkyl-; or alternately R
and R' in NRR' are connected to each other such that
NRR' forms a four to eight-membered heterocyclyl; and
Y is selected from the following moieties: wherein G
is NH or O, and R15, R16, R17 , R18, R19 and R20 can
be the same or different, each being independently
selected from the group consisting of H, C1-C10 alkyl,
C1-C10 heteroalkyl, C2-C10 alkenyl, C2-C10
heteroalkenyl, C2-C10 alkynyl, C2-C10 heteroalkynyl,
C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl,
heteroaryl, or alternately: (i) either R15 and R16 can
be connected to each other to form a four to
eight-membered cycloalkyl or heterocyclyl, or R15 and
R19 are connected to each other to form a five to
eight-membered cycloalkyl or heterocyclyl, or R15 and
R20 are connected toeach other to form a five to
eight-membered cycloalkyl or heterocyclyl, and (ii)
likewise, independently, R17 and R18 are connected to
each other to form a three to eight-membered
cycloalkyl or heterocyclyl, wherein each of said
alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl
can be unsubstituted or optionally independently
substituted with one or more moieties selected from
the group consisting of: hydroxy, alkoxy, aryioxy,
thio, 



alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamido,
alkylsulfonamido, arylsulfonamido, keto, carboxy,
carbalkoxy, carboxamido, alkoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, halo,
cyano, and nitro. The above-noted statement "A and M
are connected to each other such that the moiety:
shown above in Formula I forms either a three, four,
six, seven or eightmembered cycloalkyl, a four to
eight-membered heterocyclyl, a six to tenmembered
aryl, or a five to ten-membered heteroaryl" can be
illustrated in a non-limiting matter as follows. Thus,
for example, in the case where A and M are connected
such that the moiety: shown above in Formula I forms a
six -membered cycloalkyl (cyclohexyl), Formula I can
be depicted as:One with ordinary skill in the art will
appreciate that similar depictions for Formula I can
be arrived at when A and M shown above in the moiety:
(i.e., M-L-E-A taken together) are connected to form a
three, four, seven or eight-membered cycloalkyl, a
four to eight-membered heterocyclyl, a six to
ten-membered aryl, or a five to ten-membered
heteroaryl. In the above-noted definitions of R, R',
R2, and R3 preferred alkyl is made of one to ten
carbon atoms, preferred alkenyl or alkynyl is made of
two to ten carbon atoms, preferred cycloalkyl is made
of three to eight carbon atoms, and preferred
heteroalkyl, heteroaryl or heterocycloalkyl has one to
six oxygen, nitrogen, sulfur, or phosphorus atoms. The
compounds represented by Formula I, by themselves or
in combination with one or more other suitable agents
disclosed herein, can be useful for treating diseases
such as, for example, HCV, HIV, AIDS (Acquired Immune
Deficiency Syndrome), and related disorders, as well
as for modulating the activity of hepatitis C virus
(HCV) protease, preventing HCV, or ameliorating one or
more symptoms of hepatitis C. Such modulation,
treatment, prevention or amelioration can be done with
the inventive compounds as well as with pharmaceutical
compositions or formulations comprising such
compounds. Without being limited to theory, it is
believed that the HCV protease may be the NS3 or NS4a
protease. The inventive compounds can inhibit such
protease. They can also modulate the processing of
hepatitis C virus (HCV) polypeptide. Detailed
Description In an embodiment, the present invention
discloses compounds which are represented by
structural Formula 1 or a pharmaceutical^ acceptable
salt, solvate or ester thereof, wherein the various
moieties are as defined above. In another embodiment,
R1 is NR9R10, and R9 is H, R10 is H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl,
alkyl-heteroaryl, aryl-alkyl, alkenyl, alkynyl or
heteroaryl-alkyl.mbodiment, R10 is selected from the
group consisting of: V 1-4 1- 4 other embodiment, R2
is selected from the group consisting of the ieties:
CH3her embodiment, R3 is selected from the group
consisting of:CF3wherein R31 is OH or O-alkyl; and R32
is H, C(O)CH3, C(O)OtBu or C(O)N(HJtBu. In an
additional embodiment, R3 is selected from the group
consisting of the following moieties: 31and her
embodiment, Y is selected from the group consisting
of:Y30 and Y31 are selected from the group consisting
of:DELTA-SIGMAMODULATORFOR OUTPUTTINGANALOG
REPRESENTATIONOF PHYSIOLOGICAL SIGNAL BACKGROUND OF
THE INVENTION [0001] The present invention relates to
oximeters, and in particular to analog waveform
displays in pulse oximeters. [0002] Pulse oximetry is
typically used to measure various blood chemistry
characteristics including, but not limited to, the
blood-oxygen saturation of hemoglobin in arterial
blood, the volume of individual blood pulsations
supplying the tissue, and the rate of blood pulsations
corresponding to each heartbeat of a patient.
Measurement of these characteristics has been 



accomplished by use of a non-invasive sensor which
scatters light through a portion of the patient's
tissue where blood perfuses the tissue, and
photoelectrically senses the absorption of light in
such tissue. The amount of light absorbed at various
frequencies is then used to calculate the amount of
blood constituent being measured. [0003] The light
scattered through the tissue is selected to be of one
or more wavelengths that are absorbed by the blood in
an amount representative of the amount of the blood
constituent present in the blood. The amount of
transmitted light scattered through the tissue will
vary in accordance with the changing amount of blood
constituent in the tissue and the related light
absorption. For measuring blood oxygen level, such
sensors have typically been provided with a light
source that is adapted to generate light of at least
two different wavelengths, and with photodetectors
sensitive to both of those wavelengths, in accordance
with known techniques for measuring blood oxygen
saturation. [0004] Known non-invasive sensors include
devices that are secured to a portion of the body,
such as a finger, an ear or the scalp. In animals and
humans, the tissue of these body portions is perfused
with blood and the tissue surface is readily
accessible to the sensor. [0005] Pulse oximeters,
after processing the sensor data and calculating
oxygen saturation, present that information to a
display. In some pulse oximeters, it is also desirable
to display the analog waveform itself. For example, US
Patent No. 6,188,470 shows a signal for a display
reflecting the waveform. US Patent No. 6,385,471 also
discusses a waveformdisplay, and sets forth that the
data is first digitized, prefiltered, and then
reconstructed for the display. [0006] Nellcor Puritan
Bennett, the assignee of the present invention,
provides analog outputs in a number of its products.
The analog outputs are used for such purposes as
synchronizing to other instruments (e.g., EKG,
multi-parameter monitor) as well as for a display, The
analog waveforms are sometimes provided from the
hardware pre-processing circuitry, to insure the
analog signal is close in time to the actual patient
waveform. , [0007] A problem with providing an analog
waveform to a display after processing is that the
processing takes some time, and thus the signal
provided is delayed and not real-time. BRIEF SUMMARY
OF THE INVENTION [0008] The present invention provides
a method and apparatus for providing a substantially
real-time representation of an analog representation
of a physiological signal. The waveform signal from
the sensor is converted into digital form. A
delta-sigma modulator is used as a simple
Digital-to-analog Converter (ADC). The output can then
be provided through a simple hardware filter to give
an analog output signal in nearly real-time, which can
be used for other instruments, synchronization,
display, etc. [0009] The invention allows a waveform
to be converted into digital form, and supplied to the
software, while still allowing fast conversion back
into hardware after initial processing in software. In
particular, for a pulse oximeter that does
demodulation in software, the digital IR signal can be
obtained after this software demodulation, but before
the much slower software filtering process used as
part of the process to calculate oxygen saturation.
[0010] In one embodiment, in a first path the digital
signal is processed, but a second path applies this
digitized waveform to the delta-sigma modulator. The
second path picks off the signal immediately after it
is converted into digital form and demodulated. For a
pulse oximeter, an IR signal is chosen for the analog
output because it typically has less noise. [0011] hi
one embodiment, the delta-sigma modulator is a
software modulator which operates on the digitized
version of the waveform. The delta-sigma modulator
provides a single bit, serial output. This output is
provided to a hardware RC filter, and then to the
display.[0012] For a further understanding of the
nature and advantages of the invention, reference
should be made to the following description taken in
conjunction with the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS [0013] Fig. 1 is a block
diagram of an oximeter incorporating the present
invention. [0014] Fig. 2 is a block diagram of a prior
art circuit for generating an analog output signal.
[0015] Fig. 3 is a block diagram of an embodiment of a
circuit for generating an analog output signal
according to the present invention. [0016] Fig. 4 is a
block diagram of the software delta-sigma modulator
according to an embodiment of the present invention.
[0017] Fig. 5 is a circuit diagram of an embodiment of
the hardware RC filter according to an embodiment of
the present invention. 



[0018] Fig. 6 is a front view of a monitor showing an
analog display according to an embodiment of the
present invention. DETAILED DESCRIPTION OF THE
INVENTION Overall System [0019] Fig. 1 illustrates an
embodiment of an oximetry system incorporating the
present invention. A sensor 10 includes red and
infrared LEDs and a photodetector. These are connected
by a cable 12 to a board 14. LED drive current is
provided by an LED drive interface 16. The received
photocurrent from the sensor is provided to an I-V
interface 18. The IR and red voltages are then
provided to a sigma-delta interface 20 incorporating
the present invention. The output of sigma-delta
interface 20 is provided to a microcontroller 22.
Microcontroller 22 includes flash memory for a
program, and RAM memory for data. The oximeter also
includes a microprocessor chip 24 connected to a flash
memory 26. Finally, a clock 28 is used and an
interface 30 to a digital calibration in the sensor 10
is provided. A separate host 32 receives the processed
information, as well as receiving an analog signal on
a line 34 for providing an analog display. Prior Art
Demodulation in Hardware[0020] Fig. 2 shows an example
of a prior art circuit for generating an analog output
signal. A signal from a patient sensor is processed in
hardware through a current-to-voltage converter (I-V)
36, and a filter 37. The red and IR signals are then
demodulated in a demodulator 38. A red signal is
provided through a first channel of a filter 39 and an
amplifier 40 to an ADC 41. Similarly, the IR signal is
provided through a second channel of filter 42,
amplifier 43 and ADC 44. The analog output is obtained
from the IR signal at the input of ADC 44.
Demodulation in Software in the Present Invention
[0021] Fig. 3 shows an embodiment of the present
invention where demodulation isn't done in hardware,
rather in software, so an analog IR signal simply is
not available in hardware. A signal from a patient
sensor is processed in hardware through a
current-to-voltage converter 45 and a filter 46, then
is supplied to an ADC 47. In software, a demodulator
separates the red and IR signals. The red signal is
then provided to a software filter 49 and further
processing not shown. The IR signal is similarly
provided through a software filter 50 and further
processing not shown. Since the software filtering can
cause a significant time delay, the IR signal before
the filter 50 is converted back into analog form. A
sigma-delta modulator 51 is used as a simple
Digital-to-analog Converter (ADC). By using a
sigma-delta modulator, the conversion process is
simple and can be done quickly. The resulting analog
signal then only needs to be filtered in a simple RC
filter 52. Sigma-delta Modulator and Filter for Simple
DAC [0022] Fig. 4 is a block diagram of a delta-sigma
modulator 51 of Fig. 3 according to an embodiment of
the invention. This modulator is preferably
implemented in software running on microcontroller 22
of Fig. 1. An input on line 52 is the digitized sensor
signal. In a preferred embodiment this signal is the
infrared (IR) signal as opposed to the red signal. The
infrared is chosen because it is typically a cleaner
signal than the red signal. Fig. 4 is a graphical
representation of the difference equations implemented
to create the second order noise shaping for the
quintile signal. In one implementation, pseudocode
that implements the difference equations is: X is the
input on line 52 Y is the output on line 54 A, B, and
C are intermediate variables that store data from one
iteration to the nextloop every 206mS A = X - C + (2 *
B) C = B if A > Vz then Y = I else Y = O end if B = A
- Y end loop This code is executed in a loop that
executes every 206mS, so the output (Y) is a 4845
bits/sec bit stream with an average value that is
equal to the input (X). [0023] The output on line 54
is preferably a 4845 Hz bitstream. This is provided to
the 



input 60 of a hardware filter as shown in Fig. 5. This
filter includes resistors 62 and 64 and capacitors 66
and 68. This filter acts on the digital output signal
to convert it into analog form to produce an output on
line 70 that can be provided to a display. The filter
is a passive, second order RC filter, without a buffer
on the output. Any buffering could be done by the host
system before displaying, if required. [0024] Fig. 6
shows an example of an analog display 72 on a pulse
oximeter monitor 74. The signal for this display is
provided from line 70 of Fig. 5. [0025] As will be
understood by those of skill in the art, the present
invention may be embodied in other specific forms
without departing from the essential characteristics
thereof. For example, the delta-sigma modulator could
be of a different order than a second order. Some
filtering could be done in software prior to the
hardware filter, and a different configuration of the
hardware filter could be used. Accordingly, the
foregoing description is intended to be illustrative,
but not limiting, of the scope of the invention which
is set forth in the following claims.WHAT IS CLAIMED
IS: L A method for operating an physiological monitor
comprising: detecting a signal from a patient
including a physiological waveform; converting said
waveform into digital form; applying said waveform to
a delta-sigma modulator; and filtering said waveform
to provide an analog waveform output. 2. The method of
claim 1 further comprising demodulating said digital
form of said waveform, wherein said delta-sigma
modulator processes said waveform after said
demodulation. 3. The method of claim 2 wherein said
filtering is performed by a hardware filter coupled to
an output of said delta-sigma modulator. 4. The method
of claim 2 wherein said delta-sigma modulator provides
a single bit output. 5. A method for operating an
oximeter comprising: detecting a signal from a patient
including a pulse oximetry waveform; converting said
waveform into digital form; demodulating said digital
form of said waveform into red and IR signals;
applying one of said red and IR signals to a software
delta-sigma modulator; providing a single bit, serial
output from said delta-sigma modulator; filtering said
single bit, serial output with a hardware filter. 6.
An physiological monitor apparatus comprising: an
input for receiving from a patient a signal including
a physiological waveform; an analog-to-digital
converter for converting said waveform into digital
form; a processor including a delta-sigma modulator
configured to convert said waveform from digital into
analog form; a filter coupled to an output of said
delta-sigma modulator for filtering said waveform.7.
The oximeter apparatus of claim 6 wherein said
delta-sigma modulator is a software modulator that
produces a serial, single bit output. 8. The oximeter
apparatus ofclaim 6 wherein said filter is a hardware
RC filter. 9. An oximeter apparatus comprising: an
input for receiving from a patient a signal including
a pulse oximetry waveform; an analog-to-digital
converter for converting said waveform into digital
form; a processor including a demodulator for
separating said waveform into red and IR signals, and
a software delta-sigma modulator configured to convert
one of said red and IR signals in digital form back
into an analog signal by producing a serial, single
bit output; a hardware RC filter coupled to an output
of said delta-sigma modulator for filtering said
waveform. 


