wo 2015/163989 A1 [N I NFF 00 A GO AR O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau '}/

29 October 2015 (29.10.2015) WIPO I PCT

\

(10) International Publication Number

WO 2015/163989 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
GOG6F 13/40 (2006.01) HO04L 25/49 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
HO3K 7/08 (2006.01) DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,

. . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(21) International Application Number: KZ LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

PCT/US2015/020027 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA» PE» PG» PH, PL» PT, QA, RO» RS» RU» RW» SA» SC»
11 March 2015 (11.03.2015) SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
L. ) (84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARTPO (BW, GH,
‘o . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ

(30) Priority Data: > > s 1Y, > Vs > > DM D DR, O,
14/258,980 22 April 2014 (22.04.2014) US TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

(71) Applicant: QUALCOMM INCORPORATED [US/US]; DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
International IP Administration, 5775 Morehouse Drive, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
San Diego, California 92121-1714 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

(72) Imventors: ZHU, Zhi; 5775 Morehouse Drive, San Diego, GW, KM, ML, MR, NE, SN, TD, TG).

California 92121-1714 (US). KONG, Xiaohua; 5775 Declarations under Rule 4.17:

Morehouse Drive, San Diego, California 92121-1714 (US). as to applicant’s entitlement to apply for and be granted a
SUN, Li; 5775 Morehouse Drive, San Diego, California paten z%uze 41700) PPy &
92121-1714 (US). XU, Jie; 5775 Morehouse Drive, San ’

Diego, California 92121-1714 (US). —  as to the applicant's entitlement to claim the priority of the

(74) Agents: ESSIG, Daniel L. et al.; c/o P 0. C n earlier application (Rule 4.17(iii))

gents: , Daniel L. et al.; c/o Procopio, Cory, Har-
greaves & Savitch LLP, 525 B Street, Suite 2200, San Published:
Diego, California 92101 (US). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(54) Title: PULSE-WIDTH MODULATION DATA DECODER

Filtered

45

Data One-sided Data D ODU?t?J "
Input Pulse Filter @ P

20

: -------- v —-30

|

: {>c : Clock

: .35 : Output

| |

FIG. 2

(57) Abstract: Systems and methods for decoding pulse-width modulated (PWM) data are disclosed. An example decoder filters a
data input signal with a one-sided pulse filter. The one-sided pulse filter suppresses short pulses on the data input signal and passes
long pulses. The example decoder latch the filtered data signal at the end of each bit time of the data input signal. The duration of
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PULSE-WIDTH MODULATION DATA DECODER

BACKGROUND

Field

[0001] The present invention relates to electronic circuits and, more particularly, to a

circuit for decoding pulse-width modulated data.

Background

[0002] The Mobile Industry Processor Interface (MIPI) Alliance has established a
standard for a serial interface physical layer (PHY) named M-PHY. M-PHY may be
used, for example, for communications between circuits in a mobile phone. An example
use of M-PHY is for a Universal Flash Storage (UFS) link between a processor and a
memory.

[0003] M-PHY communicates using pulse-width modulation (PWM) where the clock
is embedded in a data signal. The data signal contains a serial stream of bits. Each bit of
the serial stream spans a time interval that may be referred to as a bit time.

[0004] FIG. 1 is a waveform diagram of pulse-width modulated data. FIG. 1 illustrates
the waveforms used with M-PHY, but other waveforms may be used with different
polarities and different bit definitions. At the beginning and end of each bit time, the
data signal transitions from high to low. A ZERO data value is represented by a pulse
with a low time that is wider than the high time. A ONE data value is represented by a
pulse with a high time that is wider than the low time. The width of the wide pulses may
be, for example, two-thirds of the bit time.

[0005] Data rates in M-PHY are expressed as “gears.” Each gear has a three-to-one

range of supported data rates as shown in Table 1.

Table 1

Gear Minimum Maximum
Data Rate Data Rate

1 3 Mbps 9 Mbps

2 6 Mbps 18 Mbps

3 12 Mbps 36 Mbps
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4 24 Mbps 72 Mbps

5 48 Mbps 144 Mbps
6 96 Mbps 288 Mbps
7 192 Mbps 576 Mbps

[0006] Communication on an M-PHY link can occur in bursts. The bursts include
various states including a synchronization (SYNC) state that has a data sequence useful
for synchronizing a receiver to a transmitter. The SYNC state may, for example, have a
high density of transitions between data values. User data is communicated in a
PAYLOAD state made up of 8BI0OB (8 data bits coded as 10 pulse-width modulated
bits) coded symbols.

[0007] Prior PWM decoders have used oversampling to recover the data. For example,
a decoder may sample the data input 12 times per bit time and analyze the samples to
determine the received data values. This type of decoder may not be suitable to use at

the higher gears.

SUMMARY

[0008] In one aspect, a decoder is provided for decoding pulse-width modulated data
from a data input signal, the data input signal containing a serial stream of bits, each bit
of the serial stream spanning a bit time, each bit of the serial stream having a high pulse
whose duration signals the value of the respective bit. The decoder includes a one-sided
pulse filter configured to produce a filtered data signal by shortening the durations of
high pulses on the data input signal; and a flip-flop configured to latch the filtered data
signal at the end of each bit time of the data input signal.

[0009] In one aspect, a method is provided for decoding pulse-width modulated data
from a data input signal, the data input signal containing a serial stream of bits, each bit
of the serial stream spanning a bit time, each bit of the serial stream having a trailing
pulse whose duration signals the value of the respective bit. The method includes
filtering the data input signal to shorten the trailing pulses; and latching the filtered data
input signal on trailing edges of the data input signal.

[0010] In one aspect, an apparatus is provided for decoding pulse-width modulated
data from a data input signal, the data input signal containing a serial stream of bits,

each bit of the serial stream spanning a bit time, each bit of the serial stream having a
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trailing pulse whose duration signals the value of the respective bit. The apparatus
includes a means for filtering the data input signal to shorten trailing pulses; and a
means for latching the filtered data input signal on trailing edges of the data input
signal.

[0011] Other features and advantages of the present invention should be apparent from

the following description which illustrates, by way of example, aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The details of the present invention, both as to its structure and operation, may
be gleaned in part by study of the accompanying drawings, in which like reference
numerals refer to like parts, and in which:

[0013] FIG. 1 is a waveform diagram of pulse-width modulated (PWM) data;

[0014] FIG.2 is a functional block diagram of a PWM decoder according to a
presently disclosed embodiment;

[0015] FIG. 3 is a waveform diagram illustrating operation of the PWM decoder of
FIG. 2;

[0016] FIG. 4 is a schematic diagram of a one-sided pulse filter according to a
presently disclosed embodiment.

[0017] FIG.S5 is a waveform diagram illustrating operation of the one-sided pulse
filter of FIG. 4; and

[0018] FIG. 6 is a flowchart of a process for decoding pulse-width modulated data

according to a presently disclosed embodiment.

DETAILED DESCRIPTION

[0019] The detailed description set forth below, in connection with the accompanying
drawings, is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of the various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well-known structures and components are shown in simplified form in

order to avoid obscuring such concepts.
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[0020] FIG.2 is a functional block diagram of a PWM decoder according to a
presently disclosed embodiment. The PWM decoder can be implemented in many
different ways. In an embodiment, the PWM decoder is implemented in a
complementary metal oxide semiconductor (CMOS) integrated circuit.

[0021] The decoder receives a serial stream of data on a data input signal (Data Input).
The data input signal is pulse-width modulated, for example, using waveforms as
illustrated in FIG. 1. The decoder decodes the data in the data input signal to produce a
data output signal (Data Output) that signals the values of the PWM-coded data in the
data input signal. The PWM decoder can also supply a clock output signal (Clock
Output) that signals the timing of the data output signal.

[0022] The decoder includes a one-sided pulse filter 20 that receives the data input
signal and produces a filtered data signal (Filtered Data). The one-sided pulse filter 20
shortens (or chops) the high time of pulses that it receives. The amount of pulse
shortening by the one-sided pulse filter 20 is set so that the high pulse of a PWM data
ZERO bit is completely suppressed and the filtered data signal remains low during the
bit time of a data ZERO and that the active pulse of a PWM data ONE bit is not
completely suppressed and the filtered data signal transitions high during the bit time of
a data ONE.

[0023] The one-sided pulse filter 20 may be viewed as a buffer that has different
input-to-output delays for rising transitions and falling transitions. Accordingly, the one-
sided pulse filter 20 may be referred to as an asymmetric filter. The delay for rising
transitions is greater than the delay for falling transitions so that the duration of high
pulses is shortened. The delay for falling transitions may be short, for example, a few
gate delays.

[0024] Signal transitions may also be referred to as edges; for example, a rising
transition may also be referred to as a rising edge and a falling transition may be
referred to as a falling edge. Similarly, a rising transition may be referred to as a
transition from a low level to a high level and a falling transition may be referred to as a
transition from a high level to a low level.

[0025] The decoder may calibrate the delay for rising transitions before receiving user
data. Calibrating the delay for rising transitions provides calibration of the durations of
high pulses that are suppressed. For example, the delay may be calibrated during the
synchronization state of a received M-PHY data signal. The calibration may, for

example, include sweeping through a range of possible delay values. Some of the delay
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values, those with delays that are too long, will result in the data output signal being all
ZEROs. Other delay values, those with delays that are too short, will result in the data
output signal being all ONEs. The calibration may, for example, select a delay midway
between the lowest delay value that is too high and the highest delay value that is too
low. The calibration may also look for particular output values based on the expected
pattern in the synchronization state. A calibration module can monitor the data output
signal during the synchronization (SYNC) state. Based on the values of the data output
signal, the calibration module may adjust delay settings such that the data output signal
is no longer constant ZEROs or ONEs. The calibration module can also check for a data
pattern that is 8B10B encoded and has at least one transition every 3 bit times.

[0026] The filtered data signal from the one-sided pulse filter 20 is captured in a flip-
flop 45. The flip-flop 45 has a data input (D) connected to the filtered data signal, a
clock input connected to the clock output signal, and a data output (Q) connected to the
data output signal of the decoder.

[0027] A clock generator module 30 supplies the clock output signal. In the
embodiment illustrated in FIG. 2, the clock generator module 30 includes an inverter 35.
The clock generator module 30 produces the clock output signal from the data input
signal. The inverter 35 has an input connected to the data input signal and an output
connected to the clock output signal. Thus, the clock output signal is the logical
complement of the data input signal. In other embodiments, the clock generator module
30 may include other circuitry, for example, based on the characteristics of the flip-flop
45.

[0028] Since the data input signal falls at the end of each bit time, the clock output
signal rises at the end of each bit time. The flip-flop 45 is rising-edge triggered and
latches the filtered data signal on rising edges of the clock output signal, which occur at
the end of each bit time. Thus, the data output signal is set to the value of the filtered
data signal at the end of each bit time. The clock generator module 30 and the one-sided
pulse filter 20 can be designed so that their delays satisfy timing requirements of the
tlip-flop 45. For example, the minimum delay from input-to-output of the one-sided
pulse filter 20 for falling transitions should be long enough (relative to the delay of the
clock generator module 30) to satisfy a hold time requirement of the flip-flop 45.

[0029] FIG. 3 is a waveform diagram illustrating operation of the PWM decoder of
FIG. 2. FIG. 3 illustrates a data ONE bit time from time 301 to time 304 and a data

ZERO bit time from time 304 to time 306. For clarity of illustration, the waveforms are
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illustrated for circuit delays that are small relative to a bit time and signal transitions
that are instantaneous.

[0030] For the data ONE bit time, at time 301, the data input signal falls and shortly
thereafter the filtered data signal also falls. The delay time from the falling of the data
input signal to the falling of the filtered data signal is the delay of the one-sided pulse
filter 20 for falling transitions. At time 302, the data input signal rises. At time 303, the
filtered data signal rises. The delay from time 302 to time 303 is the delay of the one-
sided pulse filter 20 for rising transitions. At time 304, the end of the data ONE bit time,
the data input signal falls and the clock output signal rises. The rising edge of the clock
output signal triggers the flip-flop 45 to latch the filtered data signal. Since the filtered
data signal is high at this time, the data output is set to a ONE, which matches the PWM
coded value of the data input signal.

[0031] For the data ZERO bit time, at time 304, the data input signal falls and shortly
thereafter the filtered data signal falls as at time 301. At time 305, the data input signal
rises. At time 306, the end of the data ZERO bit time, the data input signal falls and the
clock output signal rises. The active time of the data input signal from time 305 to time
306, is shorter than the delay of the one-sided pulse filter 20 for rising transitions. Thus,
the filtered data signal remains low. The rising edge of the clock output signal triggers
the flip-flop 45 to latch the filtered data signal. Since the filter data signal is low at this
time, the data output is set to a ZERO, which matches the PWM coded value of the data
input signal.

[0032] FIG. 4 is a schematic diagram of a one-sided pulse filter according to a
presently disclosed embodiment. The one-sided pulse filter may be used as the one-
sided pulse filter 20 in the decoder of FIG. 2.

[0033] The one-sided pulse filter of FIG. 4 receives the data input signal and produces
the filtered data signal with shortened high times of pulses. The one-sided pulse filter
uses a current discharging a capacitor 27 to control the amount of pulse shortening. The
current is from a current source 25 that switchably discharges the capacitor 27 based on
the data input signal.

[0034] The one-sided pulse filter includes a first inverter 24 made up of a p-channel
transistor 21, the current source 25, and an n-channel transistor 22. The output of the
inverter is connected to a midpoint (Mid) of the one-sided pulse filter. A second inverter
29 has its input connected to the midpoint and its output connected to the filtered data

signal. The p-channel transistor 21 has its gate connected to the data input signal, its
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source connected to a voltage supply, and its drain connected to the output of the first
inverter 24. The n-channel transistor 22 has its gate connected to the data input signal
and its source connected to a ground reference. The n-channel transistor 22 has its drain
connected to a terminal of the current source 25 whose other terminal is connected to
the output of the first inverter 24. Thus, the channel of the n-channel transistor 22 is in
series with the current source 25. Alternatively, the current source 25 may be connected
to the ground reference and the drain of the n-channel transistor 22 connected to the
midpoint of the one-sided pulse filter. The current source 25 discharges the capacitor 27
when the data input signal is high.

[0035] The amount of shortening of pulses (the delay for rising transitions) is
controlled by the current of the current source 25 and the capacitance of the capacitor
27. The delay for rising transitions is based on the product of the current of the current
source 25 and the capacitance of the capacitor 27. One or both of the current source 25
and the capacitor 27 are variable so that the amount of pulse shortening can be adjusted
for calibration and for different gears. The calibration may include adjusting a digital
value. For example, the current source 25 may include a current-mode digital-to-analog
converter. Alternatively or additionally, the capacitor 27 may include, for example,
multiple capacitors that are switchably connected to the midpoint of the one-sided pulse
filter.

[0036] The range of delay adjustment can be chosen based on the range of data rates
that the PWM decoder will be used with. For example, if the PWM decoder will be used
in gear 6 of M-PHY, the range of delay adjustments may be greater than a factor of 3.
The range of data rates for gear 6 spans a factor of 3. The adjustment range of the one-
sided pulse filter may be greater than a factor of 3, for example, to include variations in
process, voltage, and temperature. For another example, if the PWM decoder will be
used in gears 6 and 7 of M-PHY, the range of the day delay adjustments may be greater
than a factor of 6 (which is the ratio of the minimum data rate in gear 6 to the maximum
data rate in gear 7).

[0037] FIG.S5 is a waveform diagram illustrating operation of the one-sided pulse
filter of FIG. 4. FIG. 5 illustrates a data ONE bit time from time 501 to time 504 and a
data ZERO bit time from time 504 to time 506.

[0038] For the data ONE bit time, at time 501, the data input signal falls. This turns on
p-channel transistor 21 and pulls the midpoint high. The high-level on the midpoint

causes the second inverter 29 to switch and drive the filtered data signal low. The delay
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time from the falling of the data input signal to the falling of the filtered data signal is
the delay of the one-sided pulse filter for falling transitions. This delay will be short
when the p-channel transistor 21 is able to rapidly charge the capacitor 27.

[0039] At time 502, the data input signal rises. This turns off p-channel transistor 21
and turns on n-channel transistor 22 which enables the current source 25 to discharge
the capacitor 27. The voltage on the midpoint will ramp downward at a rate determined
by the current source 25 and the capacitor 27. At time 503, the midpoint has ramped to a
level that causes the second inverter 29 to switch. Accordingly, at time 503 the filtered
data signal switches high. The delay from time 502 to time 503 is the delay of the one-
sided pulse filter for rising transitions. The filtered data signal remains high through the
end of the data ONE bit time.

[0040] For the data ZERO bit time, at time 504, the data input signal falls. As
described for time 501, this causes the filtered data signal to fall. At time 505, the data
input signal rises. This turns off p-channel transistor 21 and turns on n-channel
transistor 22, which enables the current source 25 to discharge the capacitor 27. The
voltage on the midpoint will ramp downward at a rate determined by the current source
25 and the capacitor 27. At time 506, the data input signal falls. At this time, the
midpoint has not ramped downward enough to cause the second inverter 29 to switch.
Accordingly, at time 503 the filtered data signal remains low through the end of the data
ZERO bit time.

[0041] The systems and methods above have been described for the signal definitions
used in an M-PHY communication link. In other communication links, other signal
polarities and bit value definitions may be used. In general, the transition (falling in
FIG. 1) at the beginning of the bit time may be referred to as a leading edge, and the
transition (falling in FIG. 1) at the end of the bit time may be referred to as a trailing
edge. Similarly, the pulse (low in FIG. 1) at the beginning of the bit time may at be
referred to as a leading pulse, and the pulse (high in FIG. 1) at the end of the bit time
may be referred to as a trailing pulse. Additionally, the pulses within a bit time may be
referenced by their duration for example using terms such as narrow, wide, short, or
long.

[0042] Variations in the decoder of FIG. 2 can work with other signal polarity and bit-
value definitions. For example, the one-sided pulse filter 20 can be configured to
shorten (or chop) the duration of the trailing pulses that it receives. The one-sided pulse

filter 20 suppresses short trailing pulses and passes (albeit with a shorter duration) long

8



WO 2015/163989 PCT/US2015/020027

trailing pulses. Similarly, the flip-flop 45 can be configured to latch the filtered data
signal on the trailing edges of the data input signal.

[0043] FIG. 6 is a flowchart of a process for decoding pulse-width modulated data
according to a presently disclosed embodiment. The process may be implemented, for
example, using the PWM decoder of FIG. 2.

[0044] In step 610, the process filtering the data input signal to shorten trailing pulses.
The filtering suppresses short trailing pulses on the data input signal but does not
suppress long trailing pulses on the data input signal. The durations of pulses that
suppress may be determined by calibration. For example, the one-sided pulse filter 20 of
the decoder of FIG. 2 may be used to filter the data input signal.

[0045] In step 620, the process latches the filtered data input signal (from step 610) on
trailing edges of the data input signal. For example, the flip-flop 45 of the decoder of
FIG. 2 may latch the output of the one-sided pulse filter 20 on falling edges of the data
input signal. The process may also include generating a clock output signal from the
data input signal and using the clock output signal to trigger latching the filtered data
input signal.

[0046] The process of FIG. 6 may be modified, for example, by adding or altering
steps. Additionally, steps may be performed concurrently.

[0047] Although particular embodiments are described above, many variations are
possible, including, for example, those with different signal polarities and data bit
definitions. Furthermore, functions described as be performed by one module may be
moved to another module or distributed across modules. Additionally, features of the
various embodiments may be combined in combinations that differ from those
described above.

[0048] The above description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the invention. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic
principles described herein can be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, it is to be understood that the description and
drawings presented herein represent presently preferred embodiments of the invention
and are therefore representative of the subject matter which is broadly contemplated by
the present invention. It is further understood that the scope of the present invention

fully encompasses other embodiments that may become obvious to those skilled in the
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art and that the scope of the present invention is accordingly limited by nothing other

than the appended claims.
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CLAIMS

What is claimed is:

1. A decoder for decoding pulse-width modulated data from a data input signal, the
data input signal containing a serial stream of bits, each bit of the serial stream spanning
a bit time, each bit of the serial stream having a high pulse whose duration signals the
value of the respective bit, the decoder comprising:

a one-sided pulse filter configured to produce a filtered data signal by
shortening the durations of high pulses on the data input signal; and

a flip-flop configured to latch the filtered data signal at the end of each
bit time of the data input signal.

2. The decoder of claim 1, wherein the one-sided pulse filter is configured to

suppress short high pulses on the data input signal.

3. The decoder of claim 2, wherein the one-sided pulse filter is configured to not

suppress long high pulses on the data input signal.

4. The decoder of claim 1, wherein the one-sided pulse filter has an input-to-output
delay for rising transitions that is greater than an input-to-output delay for falling

transitions.

5. The decoder of claim 4, wherein the input-to-output delay for rising transitions

of the one-sided pulse filter is calibrated.

6.  The decoder of claim 5, wherein the calibration includes a range of delays

greater than a factor of three.

7. The decoder of claim 5, wherein the input-to-output delay for rising transitions
of the one-sided pulse filter is calibrated during a synchronization state of the data input

signal.
8. The decoder of claim 5, wherein the calibration is digitally controlled.

9.  The decoder of claim 1, wherein the one-sided pulse filter includes:
a capacitor; and
a current source configured to discharge the capacitor based on the data

input signal,

11



WO 2015/163989 PCT/US2015/020027

wherein an input-to-output delay of the one-sided pulse filter for rising
transitions is based on the product of the capacitance of the capacitor and the

current of the current source.

10.  The decoder of claim 9, wherein the current source includes a current-mode

digital-to-analog converter.

11.  The decoder of claim 1, further comprising a clock generator module configured
to receive the data input signal and produce a clock output signal for triggering the flip-

flop configured to latch the filtered data signal.

12. The decoder of claim 11, further wherein the clock generator module includes an
inverter having an input coupled to the data input signal and an output coupled to the
clock output signal, and wherein the flip-flop latches the filtered data signal on rising

edges of the clock output signal.

13. A method for decoding pulse-width modulated data from a data input signal, the
data input signal containing a serial stream of bits, each bit of the serial stream spanning
a bit time, each bit of the serial stream having a trailing pulse whose duration signals the
value of the respective bit, the method comprising:

filtering the data input signal to shorten the trailing pulses; and
latching the filtered data input signal on trailing edges of the data input

signal.

14.  The method of claim 13, wherein filtering the data input signal includes

suppressing short trailing pulses on the data input signal.

15.  The method of claim 14, wherein filtering the data input signal includes not

suppressing long high trailing on the data input signal.

16.  The method of claim 14, further comprising calibrating the durations of trailing

pulses that are suppressed.

17.  The method of claim 16, wherein the calibration is performed during a

synchronization state of the data input signal.
18.  The method of claim 16, wherein the calibration is digitally controlled.

19.  The method of claim 13, further comprising generating a clock output signal

based on the data input signal for use in latching the filtered data input signal.

12
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20. A apparatus for decoding pulse-width modulated data from a data input signal,
the data input signal containing a serial stream of bits, each bit of the serial stream
spanning a bit time, each bit of the serial stream having a trailing pulse whose duration
signals the value of the respective bit, the apparatus comprising:

a means for filtering the data input signal to shorten trailing pulses; and

a means for latching the filtered data input signal on trailing edges of the

data input signal.

21.  The apparatus of claim 20, wherein the means for filtering the data input signal

suppresses short trailing pulses on the data input signal.

22.  The apparatus of claim 21, wherein the means for filtering the data input signal

does not suppress long trailing pulses on the data input signal.

23.  The apparatus of claim 21, wherein the durations of trailing pulses that are

suppressed is calibrated.

24.  The apparatus of claim 23, wherein the calibration includes a range of delays

greater than a factor of three.
25.  The apparatus of claim 23, wherein the calibration is digitally controlled.

26.  The apparatus of claim 20, further comprising a clock generator module
configured to receive the data input signal and produce a clock output signal for

triggering the means for latching to latch the filtered data signal.

27.  The apparatus of claim 26, further wherein the clock generator module
comprises an inverter having an input coupled to the data input signal and an output
coupled to the clock output signal, and wherein the means for latching latches the

filtered data signal on trailing edges of the clock output signal.
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