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SYNCHRONOUS DATA-LINK THROUGHPUT ENHANCEMENT
TECHNIQUE BASED ON DATA SIGNAL DUTY-CYCLE AND PHASE

MODULATION/DEMODULATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from commonly owned U.S. Non-

Provisional Patent Application No. 13/887,846 filed on May 6, 2013, the contents of

which are expressly incorporated herein by reference in its entirety.

FIELD

[0002] The present disclosure is generally related to transmitting and receiving data via

a synchronous data-link using duty-cycle modulation and phase modulation.

DESCRIPTION OF RELATED ART

[0003] Memory devices, such as double data rate (DDR) synchronous dynamic random

access memory (SDRAM) memory devices, utilize a synchronization signal (e.g., a

clock signal) to transmit data to and to receive data from a processor. The

synchronization signal may be an oscillatory signal that oscillates from a first value

(e.g., a logical low value) to a second value (e.g., a logical high value). The

synchronization signal may oscillate from the first value to the second value at a

particular frequency. The synchronization signal and the data may be transmitted via a

bus. A first bit of data may be transmitted to the memory device from the processor, or

from the processor to the memory device, during a time when the synchronization signal

has the first value (e.g., during a first half of a cycle of the synchronization signal). A

second bit of data may be transmitted to the memory device from the processor, or from

the processor to the memory device, during a time when the synchronization signal has

the second value (e.g., during a second half of the cycle of the synchronization signal).

Thus, the memory device may transmit two bits of data to, or receive two bits of data

from, the processor during each cycle of the synchronization signal.

[0004] Increases in a rate at which the memory device (e.g., the DDR SDRAM) can

transmit data to or receive data from the processor via the bus may be realized by



increasing a frequency of the synchronization signal (i.e., reducing an amount of time

for the synchronization signal to complete one cycle), which results in a corresponding

increase in the rate at which the memory device transmits data to or receives data from

the processor. This approach to increasing the rate at which the memory device

transmits data to or receives data from the processor may require modification of the

processor, the memory device, and a circuit board that includes a portion of the bus that

carries the data and the synchronization signal. Each increase in the frequency of the

synchronization signal may increase the cost to manufacture and the complexity of the

processor, the memory device, and the circuit board.

SUMMARY

[0005] Modulating a phase of and/or a duty cycle of a multi-bit signal to be transmitted

from, or received at a memory device using an internal clock signal that is not

synchronized with a synchronization signal (e.g., an external clock signal) may increase

the number of bits that may be transmitted during each cycle of the synchronization

signal without requiring a corresponding increase to a frequency of the synchronization

signal. Thus, data throughput increases may be realized without significantly increasing

the complexity and manufacturing costs of the memory device, the processor, and a

circuit board that includes a portion of a bus that is to carry the data and the

synchronization signal from the processor to the memory device.

[0006] In a particular embodiment, a method includes receiving multiple bits to be

transmitted. The method further includes generating a multi-bit signal that represents

the multiple bits. The method further includes transmitting, via a synchronous interface,

the multi-bit signal during a time period that corresponds to one-half of a cycle of a

synchronization signal.

[0007] In another particular embodiment, an apparatus includes an input interface and

signal generation logic. The input interface may be configured to receive multiple bits

to be transmitted. The signal generation logic may configured to generate a multi-bit

signal that represents the multiple bits, and to transmit, via a synchronous interface, the

multi-bit signal during a time period that corresponds to one-half of a cycle of a

synchronization signal.



[0008] In another particular embodiment, a computer-readable storage device includes

instructions that, when executed by the processor, cause the processor to receive, via a

bus, a multi-bit signal from a transmitter during a time period that corresponds to one-

half of a cycle of a synchronization signal. The computer-readable storage device

further includes instructions that, when executed by the processor, cause the processor

to determine multiple bits represented by the multi-bit signal. The computer-readable

storage device further includes instructions that, when executed by the processor, cause

the processor to store the multiple bits at one or more storage elements of a memory

device based on the synchronization signal.

[0009] In another particular embodiment, an apparatus includes means for receiving

multiple bits to be transmitted. The apparatus further includes means for generating a

multi-bit signal that represents the multiple bits. The apparatus further includes means

for transmitting, via a synchronous interface, the multi-bit signal during a time period

that corresponds to one-half of a cycle of a synchronization signal.

[0010] In another particular embodiment, a method includes a first step for receiving,

via a bus, a multi-bit signal from a transmitter during a time period that corresponds to

one-half of a cycle of a synchronization signal. The method further includes a second

step for determining multiple bits represented by the multi-bit signal. The method

further includes a third step for storing the multiple bits at one or more storage elements

of a memory device based on the synchronization signal

[0011] In another particular embodiment, a method includes receiving a data file

comprising design information corresponding to a semiconductor device. The method

further includes fabricating the semiconductor device according to the design

information. The semiconductor device includes circuitry to encode or decode a multi-

bit signal that represents multiple bits during a time period that corresponds to one-half

of a cycle of a synchronization signal

[0012] One particular advantage provided by at least one of the disclosed embodiments

is that data throughput of a synchronous data-link (e.g., a bus carrying data and a

synchronization signal), such as a synchronous data-link between a processor and a

memory device (e.g., a double data rate (DDR) synchronous dynamic random access

memory (SDRAM)), may be increased without significantly increasing the complexity



and manufacturing costs of the memory device, the processor, and a circuit board that

includes a portion of the synchronous data-link. For example, in at least one of the

disclosed embodiments, two (2) or more bits of data may be transmitted from the

processor to the memory device or from the memory device to the processor during a

time period corresponding to one-half of a cycle of the synchronization signal, as

compared to systems that transmit one bit of data during the time period corresponding

to the one-half of the cycle of the synchronization signal. Another particular advantage

of at least one of the disclosed embodiments, is that the throughput of the synchronous

data-link may be increased without modifying a frequency of the synchronization

signal, thus reducing the cost to manufacture and the complexity of the processor, the

memory device, and the circuit board, as compared to the systems that increase the

throughput of the synchronous data-link by increasing the frequency of the

synchronization signal. Other aspects, advantages, and features of the present

disclosure will become apparent after review of the entire application, including the

following sections: Brief Description of the Drawings, Detailed Description, and the

Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram of a particular illustrative embodiment of a system

including a transmitter to generate a multi-bit signal that represents multiple bits to be

transmitted during a time period corresponding to one-half a cycle of a synchronization

signal and a receiver to determine multiple bits represented by the multi-bit signal

received during the time period corresponding to one-half of a cycle of a

synchronization signal;

[0014] FIG. 2 is a timing diagram illustrating a multi-bit signal that represents multiple

bits to be transmitted during a time period corresponding to one-half a cycle of a

synchronization signal;

[0015] FIG. 3 includes illustrative embodiments of symbols for use in transmitting M -

bits of data during a time period corresponding to one-half a cycle of a synchronization

signal;



[0016] FIG. 4 is a flowchart of a particular illustrative embodiment of a method of

determining multiple bits represented by a multi-bit signal received during a time period

corresponding to one-half of a cycle of a synchronization signal;

[0017] FIG. 5 is a flowchart of a particular illustrative embodiment of a method of

generating a multi-bit signal that represents multiple bits to be transmitted during a time

period corresponding to one-half of a cycle of a synchronization signal;

[0018] FIG. 6 is a block diagram of a particular illustrative embodiment of a wireless

communication device configured to encode and decode a multi-bit signal that

represents multiple bits during a time period corresponding to one-half a cycle of a

synchronization signal; and

[0019] FIG. 7 is a data flow diagram of a particular illustrative embodiment of a

manufacturing process to manufacture electronic devices configured to encode and

decode a multi-bit signal that represents multiple bits during a time period

corresponding to one-half a cycle of a synchronization signal.

DETAILED DESCRIPTION

[0020] Referring to FIG. 1, a block diagram of a particular illustrative embodiment of a

system including a transmitter to generate a multi-bit signal that represents multiple bits

to be transmitted during a time period corresponding to one-half a cycle of a

synchronization signal and a receiver to determine multiple bits represented by the

multi-bit signal received during the time period corresponding to one-half of a cycle of a

synchronization signal is disclosed and generally designated 100. The system 100

includes a transmitter 102 (e.g., a transmitter of a host processor), a bus 140 (e.g., a

synchronous interface), and a receiver 150 (e.g., a receiver of a DDR SDRAM memory

device).

[0021] As shown in FIG. 1, the transmitter 102 includes an input interface 104, signal

generation logic 130, and synchronization logic 112. The signal generation logic 130

includes modulation logic 134 and an internal clock 132. In a particular embodiment,

the internal clock 132 may be a ring oscillator. In a particular embodiment, the

synchronization logic 112 may include programmable delay logic 114. During



operation, the transmitter 102 may receive multiple bits 120 at the input interface 104.

The multiple bits 120 may include M-bits, where M >= two (2). The multiple bits 120

may correspond to data that is to be provided to a memory device (e.g., the DDR

SDRAM memory device including the receiver 150). The input interface 104 may be

configured to provide the multiple bits 120 to the signal generation logic 130.

[0022] The signal generation logic 130 may be configured to encode a multi-bit signal

110 that represents the multiple bits 120. The signal generation logic 130 may be

configured to determine a symbol (not shown in FIG. 1) corresponding to the multiple

bits and to encode the multi-bit signal 110 based the symbol. In a particular

embodiment, the signal generation logic 130 may include a table, such as one of the

tables described with reference to FIG. 3, and may be configured to determine the

symbol corresponding to the multiple bits based on the table.

[0023] The modulation logic 134 may be configured to modulate a phase and a duty

cycle of the multi-bit signal 110 based on the symbol. The phase of the multi-bit signal

may correspond to whether an initial value of the multi-bit signal has a first value (e.g.,

a logical low value or a one (0)) or a second value (e.g., a logical high value or a one

(1)). The duty cycle of the multi-bit signal may correspond to a duration of time that the

multi-bit signal has the initial value before transitioning to a different value.

[0024] The modulation logic 134 may be responsive to the internal clock signal 136

received from the internal clock 132 during the modulation of the phase and the duty

cycle of the multi-bit signal 110. For example, the internal clock signal 136 may

include an oscillatory signal having a first frequency j . The oscillatory signal may

have a period (T), such that the oscillatory signal oscillates between a first value (e.g., a

logical high value) and a second value (e.g., a logical low value) during a period of time

corresponding to If). The period (T) represents an amount of time required for the

oscillatory signal to complete one cycle (e.g., to complete oscillation from the first value

to the second value and back to the first value).

[0025] The symbol corresponding to the multiple bits 120 may be represented by 2( 1)

bits. The modulation logic 134 may be configured to modulate the phase and the duty

cycle of the multi-bit signal 110 such that two (2) bits of the 2 1) bits are encoded

within the multi-bit signal per period (T) (e.g., one bit of the 2 1) bits per half-cycle) of



the internal clock signal 136. The modulation logic 134 may be configured to provide

the multi-bit signal 110 to the receiver 150 via the bus 140. Illustrative embodiments of

modulating the phase and the duty cycle of a multi-bit signal are described with

reference to FIGs. 2 and 3.

[0026] The synchronization signal logic 112 may be configured to generate the

synchronization signal 126. In a particular embodiment, the synchronization signal 126

may be a data strobe signal (DQS) and may be generated based on an external clock

signal 118 generated by an external clock (not shown in FIG. 1). In a particular

embodiment, the external clock may include a system clock that is external to the

transmitter 102 and the receiver 150. The synchronization signal 126 may have a

second frequency ( ' ) that is less than the first frequency J of the internal clock signal

136. The synchronization signal 126 may have a second period (T '). The period (T ' )

represents an amount of time required for the synchronization signal to complete one

cycle. The synchronization signal 126 may be provided to the receiver 150 via the bus

140.

[0027] As shown in FIG. 1, the bus 140 includes one or more data communication

paths, such as a representative data communication path 142, one or more

synchronization paths, such as a representative synchronization path 144. The

modulation logic 134 may be configured to provide the multi-bit signal 110 to the

receiver 150 via the data communication path 142, and the synchronization logic 112

may be configured to provide the synchronization signal 126 to the receiverl50 via the

synchronization path 144.

[0028] As shown in the FIG. 1, the receiver 150 includes an oversampler 152, decoding

logic 160, and a capture flop 162. The oversampler 152 includes sampling logic 154

and an internal clock 156. In a particular embodiment, the internal clock 156 may be a

ring oscillator. The multi-bit signal 110 may be received at the receiver 150 via the data

communication path 142 and provided to the oversampler 152. The sampling logic 154

samples the multi-bit signal 110 based on an internal clock signal 158 that is provided

by the internal clock 156. The internal clock signal 158 may include an oscillatory

signal having a third frequency ( "). The oscillatory signal may have a period (T "),

such that the oscillatory signal oscillates between a first value (e.g., a logical high value)



and a second value (e.g., a logical low value) during a period of time corresponding to

(1/ ). The period (T " ) represents an amount of time required for the oscillatory signal

to complete one cycle (e.g., to complete oscillation from the first value to the second

value and back to the first value). In a particular embodiment, the third frequency (f ' )

of the internal clock signal 158 may be the same as the first frequency j of the internal

clock signal 136.

[0029] The sampling logic 154 may be configured to sample the multi-bit signal 110 to

determine one or more bits represented by the multi-bit signal 110. For example, as

described with reference to the modulation logic 134, the multi-bit signal 110 may

include a symbol represented by 1) bits. The sampling logic 154 may be configured

to sample the multi-bit signal 110 to determine the ( 1) bits. In a particular

embodiment, the sampling logic 154 may be configured to perform binary oversampling

of the multi-bit signal 110. The binary oversampling may include determining a

plurality of bits (e.g., the 2( 1) bits), where each of the plurality of bits is determined

based on a duty cycle of the multi-bit signal 110. Because the third frequency ( "" )

corresponds to the first frequency (f), the sampling logic 154 is capable of detecting

each of the 1) bits of the multi-bit signal 110 (i.e., detecting the symbol

corresponding to the multiple bits 120). The sampling logic 154 may provide the

detected 2( 1) bits to the decoding logic 160.

[0030] The decoding logic 160 may be configured to receive the 2( 1) bits from the

sampling logic and to determine a symbol represented by the 2 1) bits. The decoding

logic 160 may be configured to determine multiple bits (e.g., the multiple bits 120)

based on the symbol. In a particular embodiment, the decoding logic 160 may include a

table, such as the table described with reference to the signal generation logic 130. The

table may be used by the decoding logic 160 to determine the multiple bits

corresponding to the symbol. The decoding logic 160 may be configured to provide the

multiple bits to the capture flop 162.

[0031] The capture flop 162 may be configured to store the multiple bits (e.g., the

multiple bits 120) until the synchronization signal 126 indicates that the multiple bits

are to be written to one or more storage elements (not shown in FIG. 1) of a memory

device that is coupled to or that includes the receiver 150. In a particular embodiment,



the synchronization signal logic 112 includes programmable delay logic 114. The

programmable delay logic 114 may be configured to calibrate the synchronization signal

126. Calibration of the synchronization signal 126 may be performed to synchronize

operations of the transmitter 102 and the receiver 150. For example, the programmable

delay logic 114 may be configured to calibrate the synchronization signal 126, such that

the capture flop 162 captures the values of the multiple bits (e.g., the multiple bits 120)

only after the complete symbol encoded within the multi-bit signal 110 has been

decoded into its corresponding multiple bits by the decoding logic 160.

[0032] Although not illustrated in FIG. 1, the transmitter 102 may include circuitry or

other logic configured to implement one or more of the functions and operations

described with reference to the receiver 150. Additionally, the receiver 150 may include

circuitry or other logic configured to implement one or more of the functions and

operations described with reference to the transmitter 102. Thus, a memory device

(e.g., a DDR SDRAM memory device) including the receiver 150 may also include a

transmitter configured to transmit multiple bits (e.g., multiple bits read from one or

more storage elements of the memory device) as a multi-bit signal to the processor that

includes the transmitter 102. The processor may include a receiver configured to

receive the multi-bit signal and to decode the multi-bit signal into the multiple bits (e.g.,

the multiple bits read from the one or more storage elements of the memory device).

Additionally, although only a single multi-bit signal (e.g., the multi-bit signal 110) is

illustrated in FIG. 1, the transmitter 102 may be configured to generate a plurality of

multi-bit signals and to transmit the plurality of multi-bit signals to the receiver 150 via

the one or more data communication paths of the bus 140. Additionally, although only

a single synchronization signal (e.g., the synchronization signal 126) is illustrated in

FIG. 1, the synchronization signal logic 112 may generate a plurality of synchronization

signals to synchronize receiving and transmitting operations between the transmitter 102

and the receiver 150. For example, a first synchronization signal may be used for a first

number of data communication paths of the plurality of data communication paths of the

bus 140 and a second synchronization signal may be used for a second number of data

communication paths of the plurality of data communication paths of the bus 140.

[0033] By encoding the multiple bits 120 using the signal generation logic 130, the

number of bits that may be transmitted from the transmitter 102 to the receiver 150 via



the bus 140 during each one-half cycle of the synchronization signal 126 may be

increased, as compared to systems that transmit a single bit during each one-half cycle

of the synchronization signal 126. Thus, data throughput increases may be realized

without significantly increasing the complexity and manufacturing costs of a memory

device that includes the receiver 150, a processor that includes the transmitter 102, and a

circuit board that includes a portion of the bus 140.

[0034] Referring to FIG. 2, a timing diagram illustrating a multi-bit signal that

represents multiple bits to be transmitted during a time period corresponding to one-half

a cycle of a synchronization signal is shown and generally designated 200. In FIG. 2,

the timing diagram 200 includes a synchronization signal DQs (e.g., a strobe signal) and

a multi-bit signal DQ (e.g., a data signal). The synchronization signal DQs may

correspond to the synchronization signal 126 of FIG. 1, and the data signal DQ may

correspond to the multi-bit signal 110 of FIG. 1.

[0035] As shown in FIG. 2, the synchronization signal DQs may have a cycle 210 that

includes a first portion 212 and a second portion 214. The first portion 212 of the cycle

210 of the synchronization signal DQs may be a first half of the cycle 210 and the

second portion 214 may be a second half of the cycle 210. As shown in FIG. 2, during

the first portion 212 of the synchronization signal DQs, the multi-bit signal DQ may

include data 220. The data 220 may include M-bits of data (e.g., the M-bits 120 of FIG.

1). In FIG. 2, the data 220 comprises two (2) bits of data (e.g., M = two (2)).

[0036] When M = two (2), the two (2) bits may have corresponding values of "0,0",

represented by the data 221, a value of "0,1", represented by the data 223, a value of

"1,0", represented by the data 225, a value of "1,1", represented by the data 227. Each

of the data 221, 223, 225, 227 may correspond to a particular symbol, such as the

symbols 222, 224, 226, 228, shown in FIG. 2. To illustrate, the data 221 corresponds to

the symbol 222, the data 223 corresponds to the symbol 224, the data 225 corresponds

to the symbol 226, and the data 227 corresponds to the symbol 228.

[0037] In a particular embodiment, the multi-bit signal DQ may be generated by signal

generation logic 130 of FIG. 1. For example, when the multiple bits 120 correspond to

the data 221, the signal generation logic 130 may determine that the symbol 222

corresponds to the data 221 (e.g., values "0 , 0"). The modulation logic 134 may



perform modulation operations on the multi-bit signal DQ based on the symbol 222.

The modulation operations may include modulating a phase of the multi-bit signal DQ

and modulating a duty cycle of the multi-bit signal DQ. Modulating the phase of the

multi-bit signal DQ may correspond to setting an initial value of the multi-bit signal DQ

to a value of one (1) or zero (0). Modulating the duty cycle of the multi-bit signal DQ

may correspond to changing the value of multi-bit signal DQ from the initial value to a

second value for a remainder of the cycle of the multi-bit signal.

[0038] To illustrate, the symbol 222 corresponds to a multi-bit signal DQ having a

phase modulation of zero (0) and a duty cycle of zero percent (0%). Thus, when the

multiple bits correspond to the symbol 222, the multi-bit signal has an initial value of

zero (0) and may remain at the initial value for the entire cycle of the multi-bit signal

DQ. The symbol 224 corresponds to a multi-bit signal DQ having a phase of zero (0)

and a duty cycle of fifty percent (50%). Thus, when the multiple bits correspond to the

symbol 224, the multi-bit signal has an initial value of zero (0). The multi-bit signal DQ

may remain at the initial value for a first one-half of the cycle of the multi-bit signal DQ

and may transition from the initial value to a second value (e.g., one (1)) for a second

one-half cycle of the multi-bit signal DQ. The symbol 226 corresponds to a multi-bit

signal DQ having a phase of one (1) and a duty cycle of fifty percent (50%). Thus,

when the multiple bits correspond to the symbol 226, the multi-bit signal has an initial

value of one (1). The multi-bit signal DQ may remain at the initial value for a first one-

half of the cycle of the multi-bit signal DQ and may transition from the initial value to a

second value (e.g., zero (0)). The symbol 228 corresponds to a multi-bit signal DQ

having a phase modulation of one (1) hundred percent (100%) and a duty cycle of one-

hundred percent (100%). Thus, when the multiple bits correspond to the symbol 228,

the multi-bit signal has an initial value of one (1) and may remain at the initial value for

the entire cycle of the multi-bit signal DQ.

[0039] Referring to FIG. 3, illustrative embodiments of symbols for use in transmitting

M-bits of data during a time period corresponding to one-half a cycle of a

synchronization signal are shown and are designated 300, 320, and 340. When M = two

(2), a data signal (e.g., the multi-bit signal 110 of FIG. 1 or the data signal 204 of FIG.

2) may be generated according to a table 300. As shown in the table 300, the M-bits

include a first bit 302 and a second bit 304 that are to be transmitted from a transmitter



(e.g., the transmitter 102 of FIG. 1) to a receiver (e.g., the receiver 150 of FIG. 1). Each

of the rows of M-bits has a corresponding symbol (indicated by an arrow) that includes

a first portion 310 and a second portion 312.

[0040] In a particular embodiment, a transmitter (e.g., the transmitter 102 of FIG. 1)

may not include a symbol table and may not determine a symbol corresponding to

multiple bits to be transmitted to a receiver (e.g., the receiver 150 of FIG. 1). For

example, as shown in FIG. 2, when M = two (2), the first portion 310 and the second

portion 312 of each symbol of the table 300 correspond to the values of the first bit 302

and the second bit 304, respectively. Thus, when M = two (2), the modulation logic

may modulate a multi-bit signal (e.g., the multi-bit signal 110) based on the multiple

bits rather than performing a lookup using a symbol table.

[0041] When symbol tables are used, each table may include a number of symbols (5),

where S = 2^, where M corresponds to the number of bits of data to be transmitted in a

one-half cycle of the synchronization signal. In FIG. 3, the table 320 illustrates symbols

that may be used to transmit three (3) bits of data (M = three (3)). The table 340

illustrates symbols that may be used to transmit four (4) bits of data (M = four (4)). As

shown in FIG. 3, each of the symbols may be divided into 2 1) portions. For example,

the table 320 illustrates symbols corresponding to three (3) bits of data (e.g., M = 3),

where each of the corresponding symbols is divided into four portions (e.g., 2( 1) = 4).

In a particular embodiment, the symbols included in the tables 300, 320, 340 may be

stored as 2( 1) bits, each bit representing a value (e.g., a zero (0) or a one (1)) of the

multi-bit signal during a particular one of the 2( 1) portions. Thus, sampling logic (e.g.,

the sampling logic 154) may be configured to determine 2 1) bits represented by the

multi-bit signal and may provide the 2( 1) bits to decoding logic (e.g., the decoding

logic 160). The decoding logic may determine the symbol based on the 2 1) bits

received from the sampling logic. Based on the symbol represented by the 2( 1) bits,

the decoding logic may determine multiple bits (e.g., the multiple bits 120) represented

by the multi-bit signal.

[0042] As shown in FIG. 3, each of the symbols includes at most two transitions (e.g.,

from a low value to a high value or from a high value to a low value). A first transition

may correspond to initializing the multi-bit signal to an initial value (e.g., a zero (0) or a



one (1)). Initializing the multi-bit signal may correspond to phase modulation of the

multi-bit signal and may be performed by modulation logic (e.g., the modulation logic

134 of FIG. 1). The first transition may occur on a first edge (e.g., a leading edge or a

falling edge) of a synchronization signal (e.g., the synchronization signal 126 of FIG. 1).

A second transition may correspond to duty cycle modulation of the multi-bit signal and

may be performed by the modulation logic (e.g., the modulation logic 134 of FIG. 1).

The second transition may occur between the first edge (e.g., the leading edge or the

falling edge) of the synchronization signal and a second edge (e.g., the falling edge or

the leading edge) of the synchronization signal. Stated another way, each symbol may

include at most one transition during a period between the leading edge and the falling

edge of the synchronization signal after the multi-bit signal has been initialized to the

initial value.

[0043] Each of the symbols illustrated in the tables 300, 320, 340 may be transmitted

during a portion (e.g., the first portion 212 or the second portion 214 of FIG. 2) of a

cycle (e.g., the cycle 210 of FIG. 2) of a synchronization signal (e.g., the

synchronization signal DQs of FIG. 2). Thus, multiple bits may be encoded within a

multi-bit signal and transmitted during each one-half of a cycle of the synchronization

signal without increasing a frequency of the synchronization signal. Additionally, the

multi-bit signal may be received and the multiple bits may be decoded during each one-

half of a cycle of the synchronization signal without increasing a frequency of the

synchronization signal.

[0044] Referring to FIG. 4, a flowchart of a particular illustrative embodiment of a

method of determining multiple bits represented by a multi-bit signal received during a

time period corresponding to one-half of a cycle of a synchronization signal is shown

and designated 400. The method 400 includes, at 402, receiving, via a bus, a multi-bit

signal from a transmitter during a time period that corresponds to one-half a cycle of a

synchronization signal. At 404, the method 400 includes decoding multiple bits

represented by the multi-bit signal. Decoding the multiple bits represented by the multi-

bit signal may include, at 408, sampling the multi-bit signal and, at 410, determining a

symbol corresponding to the multi-bit signal based on the sampling of the multi-bit

signal. Decoding the multiple bits represented by the multi-bit signal may include, at

412, determining the multiple based on the symbol. At 406, the method includes storing



the multiple bits at one or more storage elements of a memory device based on a

synchronization signal.

[0045] The method 400 of FIG. 4 may be implemented by a field-programmable gate

array (FPGA) device, an application-specific integrated circuit (ASIC), a processing

unit such as a central processing unit (CPU), a digital signal processor (DSP), a

controller, another hardware device, firmware device, or any combination thereof. As

an example, the method of FIG. 4 can be performed by a processor that executes

instructions, as described with respect to FIG. 6.

[0046] Referring to FIG. 5, a flowchart of a particular illustrative embodiment of a

method of generating a multi-bit signal that represents multiple bits to be transmitted

during a time period corresponding to one-half of a cycle of a synchronization signal is

shown and designated 500. The method 500 includes, at 502, receiving multiple bits to

be transmitted. At 504, the method 500 includes encoding the multiple bits to generate

a multi-bit signal that represents the multiple bits. Generating the multi-bit signal that

represents the multiple bits may include, at 508, determining a symbol corresponding to

the multiple bits, and, at 510, modulating at least one of a phase of the multi-bit signal

and a duty cycle of the multi-bit signal based on the symbol. The method 500 includes,

at 506, transmitting, via a bus, the multi-bit signal during a time period that corresponds

to one-half a cycle of a synchronization signal.

[0047] The method of FIG. 5 may be implemented by a field-programmable gate array

(FPGA) device, an application-specific integrated circuit (ASIC), a processing unit such

as a central processing unit (CPU), a digital signal processor (DSP), a controller,

another hardware device, firmware device, or any combination thereof. As an example,

the method of FIG. 5 can be performed by a processor that executes instructions, as

described with respect to FIG. 6.

[0048] Referring to FIG. 6, a block diagram of a particular illustrative embodiment of a

wireless communication device configured to encode and decode a multi-bit signal that

represents multiple bits during a time period corresponding to one-half a cycle of a

synchronization signal is depicted and generally designated 600. The device 600

includes a processor, such as a digital signal processor (DSP) 610, coupled to a memory



632. The DSP 610 and the memory 632 may be configured to encode and/or decode a

multi-bit signal that represents multiple bits during a time period that corresponds to

one-half a cycle of a synchronization signal. In an illustrative embodiment, the multi-bit

signal may correspond to the multi-bit signal 110 of FIG. 1, the multi-bit signal DQ of

FIG. 2, and the DSP 610 and the memory 632 may be configured to perform one or

more of the operations or functions described with reference to FIGs. 1-3, or may

operate according to the methods of FIG. 4 and/or FIG. 5, or any combination thereof.

[0049] In a particular embodiment, the DSP 610 may include instructions 664, that

when executed by the DSP 610, cause the DSP 610 to encode and/or decode a multi-bit

signal that represents multiple bits during a time period that corresponds to one-half a

cycle of a synchronization signal. For example, the instructions 664, when executed by

the DSP 610, may cause the DSP 610 to decode the multi-bit signal into multiple bits as

described with reference to the receiver 150 of FIG. 1 and the method of FIG. 4. The

instructions 664 may include instructions that, when executed by the DSP 610, cause

the DSP 610 decode the multi-bit signal using one or more tables, such as the symbol

tables 300, 320, 340 described with reference to FIG. 3. The instructions 664 may also

include instructions that, when executed by the DSP 610, cause the DSP 610 to encode

multiple bits within a multi-bit signal as described with reference to the transmitter 102

of FIG. 1 and the method of FIG. 5. The instructions 664 may include instructions that,

when executed by the DSP 610, cause the DSP 610 to decode the multi-bit signal using

one or more tables, such as the symbol tables 300, 320, 340 described with reference to

FIG. 3.

[0050] In a particular embodiment, the memory 632 may include instructions 662, that

when executed by a memory controller of the memory 632, cause the memory controller

to encode and/or decode a multi-bit signal that represents multiple bits during a time

period that corresponds to one-half a cycle of a synchronization signal. For example,

the instructions 662, when executed by the memory controller of the memory 632, may

cause the memory controller to decode the multi-bit signal into multiple bits as

described with reference to the receiver 150 of FIG. 1 and the method of FIG. 4. The

instructions 662 may include instructions that, when executed by the memory controller

of the memory 632, cause the memory controller decode the multi-bit signal using one

or more tables, such as the symbol tables 300, 320, 340 described with reference to FIG.



3. The instructions 662 may also include instructions that, when executed by the

memory controller of the memory 632, cause the memory controller to encode multiple

bits within a multi-bit signal as described with reference to the transmitter 102 of FIG. 1

and the method of FIG. 5. The instructions 662 may include instructions that, when

executed by the memory controller of the memory 632, cause the memory controller to

decode the multi-bit signal using one or more tables, such as the symbol tables 300, 320,

340 described with reference to FIG. 3.

[0051] FIG. 6 also shows a display controller 626 that is coupled to the digital signal

processor 610 and to a display 628. A coder/decoder (CODEC) 634 can also be coupled

to the digital signal processor 610. A speaker 636 and a microphone 638 can be coupled

to the CODEC 634.

[0052] FIG. 6 also indicates that a wireless controller 640 can be coupled to the digital

signal processor 610 and to a wireless antenna 642. In a particular embodiment, the

DSP 610, the display controller 626, the memory 632, the CODEC 634, and the wireless

controller 640 are included in a system-in-package or system-on-chip device 622. In a

particular embodiment, an input device 630 and a power supply 644 are coupled to the

system-on-chip device 622. Moreover, in a particular embodiment, as illustrated in

FIG. 6, the display 628, the input device 630, the speaker 636, the microphone 638, the

wireless antenna 642, and the power supply 644 are external to the system-on-chip

device 622. However, each of the display 628, the input device 630, the speaker 636,

the microphone 638, the wireless antenna 642, and the power supply 644 can be coupled

to a component of the system-on-chip device 622, such as an interface or a controller.

[0053] In conjunction with the described embodiments, a system is disclosed that may

include means for receiving multiple bits to be transmitted, such as the input interface

104 of FIG. 1, one or more other devices or circuits configured to receive multiple bits

to be transmitted, or any combination thereof. The system may also include means for

encoding the multiple bits to generate a multi-bit signal that represents the multiple bits,

such as the signal generation logic 130 of FIG. 1 or the modulation logic 134 of FIG. 1,

one or more other devices or circuits configured to generating a multi-bit signal that

represents the multiple bits, or any combination thereof. The system may also include

means for determining a symbol corresponding to the multiple bits, such as the signal



generation logic 130 of FIG. 1 or the modulation logic 134 of FIG. 1, one or more other

devices or circuits configured to determine a symbol corresponding to the multiple bits.

The system may also include means for modulating at least one of a phase of the multi-

bit signal and a duty cycle of the multi-bit signal based on the symbol, such as the

modulation logic 134 of FIG. 1, one or more other devices or circuits configured to

modulate at least one of a phase of the multi-bit signal and a duty cycle of the multi-bit

signal based on the symbol. The system may also include means for transmitting, via a

bus, the multi-bit signal during a time period that corresponds to one-half of a cycle of a

synchronization signal, such as the transmitter 102 of FIG. 1 or the modulation logic

134 of FIG. 1, one or more other devices or circuits configured to transmit, via a bus,

the multi-bit signal during a time period that corresponds to one-half of a cycle of a

synchronization signal, or any combination thereof. The system may also include

means for generating a first clock signal, such as the internal clock 132 of FIG. 1, one or

more other devices or circuits configured to generate a first clock signal, or any

combination thereof. The system may also include means for generating a

synchronization signal, such as the synchronization logic 112 of FIG. 1, one or more

other devices or circuits configured to generate a synchronization signal, or any

combination thereof. The system may also include means for determining a

programmable delay of a synchronization signal, such as the programmable delay logic

114 of FIG. 1, one or more other devices or circuits configured to determine a

programmable delay of a synchronization signal, or any combination thereof.

[0054] The system may also include means for receiving, via a bus, a multi-bit signal

from a transmitter during a time period that corresponds to one-half of a cycle of a

synchronization signal, such as the oversampler 152 of FIG. 1, one or more other

devices or circuits configured to receive, via a bus, a multi-bit signal from a transmitter

during a time period that corresponds to one-half of a cycle of a synchronization signal,

or any combination thereof. The system may also include means for sampling the

multi-bit signal, such as the sampling logic 154 of FIG. 1, one or more other devices or

circuits configured to sample the multi-bit signal, or any combination thereof. The

system may also include means for determining a symbol corresponding to the multi-bit

signal, such as the decoding logic 160 of FIG. 1, one or more other devices or circuits

configured to determine a symbol corresponding to the multi-bit signal, or any



combination thereof. The system may also include means for decoding multiple bits

represented by the multi-bit signal, such as the decoding logic 158 of FIG. 1, one or

more other devices or circuits configured to determine multiple bits represented by the

multi-bit signal, or any combination thereof. The system may also include means for

storing the multiple bits at one or more storage elements of a memory device, such as

the capture flop 162 of FIG. 1, one or more other devices or circuits configured to store

the multiple bits at one or more storage elements of a memory device, or any

combination thereof. The system may also include means for generating a first clock

signal, such as the internal clock 156 of FIG. 1, one or more other devices or circuits

configured to generate a first clock signal, or any combination thereof.

[0055] The foregoing disclosed devices and functionalities may be designed and

configured into computer files (e.g. RTL, GDSII, GERBER, etc.) stored on computer

readable media. Some or all such files may be provided to fabrication handlers who

fabricate devices based on such files. Resulting products include semiconductor wafers

that are then cut into semiconductor die and packaged into a semiconductor chip. The

chips are then employed in devices described above. FIG. 7 depicts a data flow diagram

of a particular illustrative embodiment of a manufacturing process 700 to manufacture

electronic devices configured to encode and decode a multi-bit signal that represents

multiple bits during a time period corresponding to one-half a cycle of a synchronization

signal.

[0056] Physical device information 702 is received at the manufacturing process 700,

such as at a research computer 706. The physical device information 702 may include

design information representing at least one physical property of a semiconductor

device, such as the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or more of

the tables 300, 320, 340 of FIG. 3, or any combination thereof. For example, the

physical device information 702 may include physical parameters, material

characteristics, and structure information that is entered via a user interface 704 coupled

to the research computer 706. The research computer 706 includes a processor 708,

such as one or more processing cores, coupled to a computer readable medium such as a

memory 710. The memory 710 may store computer readable instructions that are

executable to cause the processor 708 to transform the physical device information 702

to comply with a file format and to generate a library file 712.



[0057] In a particular embodiment, the library file 712 includes at least one data file

including the transformed design information. For example, the library file 712 may

include a library of semiconductor devices including a device that includes the

transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or more of the tables 300, 320,

340 of FIG. 3, or any combination thereof, that is provided for use with an electronic

design automation (EDA) tool 720.

[0058] The library file 712 may be used in conjunction with the EDA tool 720 at a

design computer 714 including a processor 716, such as one or more processing cores,

coupled to a memory 718. The EDA tool 720 may be stored as processor executable

instructions at the memory 718 to enable a user of the design computer 714 to design a

circuit including the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or more

of the tables 300, 320, 340 of FIG. 3, or any combination thereof, of the library file 712.

For example, a user of the design computer 714 may enter circuit design information

722 via a user interface 724 coupled to the design computer 714. The circuit design

information 722 may include design information representing at least one physical

property of a semiconductor device, such as the transmitter 102 of FIG. 1, the receiver

150 of FIG. 1, one or more of the tables 300, 320, 340 of FIG. 3, or any combination

thereof. To illustrate, the circuit design property may include identification of particular

circuits and relationships to other elements in a circuit design, positioning information,

feature size information, interconnection information, or other information representing

a physical property of a semiconductor device.

[0059] The design computer 714 may be configured to transform the design

information, including the circuit design information 722, to comply with a file format.

To illustrate, the file formation may include a database binary file format representing

planar geometric shapes, text labels, and other information about a circuit layout in a

hierarchical format, such as a Graphic Data System (GDSII) file format. The design

computer 714 may be configured to generate a data file including the transformed

design information, such as a GDSII file 726 that includes information describing the

transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or more of the tables 300, 320,

340 of FIG. 3, or any combination thereof, in addition to other circuits or information.

To illustrate, the data file may include information corresponding to a system-on-chip

(SOC) that includes the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or



more of the tables 300, 320, 340 of FIG. 3, and that also includes additional electronic

circuits and components within the SOC.

[0060] The GDSII file 726 may be received at a fabrication process 728 to manufacture

the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or more of the tables 300,

320, 340 of FIG. 3, or any combination thereof, according to transformed information in

the GDSII file 726. For example, a device manufacture process may include providing

the GDSII file 726 to a mask manufacturer 730 to create one or more masks, such as

masks to be used with photolithography processing, illustrated as a representative mask

732. The mask 732 may be used during the fabrication process to generate one or more

wafers 734, which may be tested and separated into dies, such as a representative die

736. The die 736 includes a circuit including a device that includes the transmitter 102

of FIG. 1, the receiver 150 of FIG. 1, one or more of the tables 300, 320, 340 of FIG. 3,

or any combination thereof.

[0061] The die 736 may be provided to a packaging process 738 where the die 736 is

incorporated into a representative package 740. For example, the package 740 may

include the single die 736 or multiple dies, such as a system-in-package (SiP)

arrangement. The package 740 may be configured to conform to one or more standards

or specifications, such as Joint Electron Device Engineering Council (JEDEC)

standards.

[0062] Information regarding the package 740 may be distributed to various product

designers, such as via a component library stored at a computer 746. The computer 746

may include a processor 748, such as one or more processing cores, coupled to a

memory 750. A printed circuit board (PCB) tool may be stored as processor executable

instructions at the memory 750 to process PCB design information 742 received from a

user of the computer 746 via a user interface 744. The PCB design information 742

may include physical positioning information of a packaged semiconductor device on a

circuit board, the packaged semiconductor device corresponding to the package 740

including the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1, one or more of the

tables 300, 320, 340 of FIG. 3, or any combination thereof.

[0063] The computer 746 may be configured to transform the PCB design information

742 to generate a data file, such as a GERBER file 752 with data that includes physical



positioning information of a packaged semiconductor device on a circuit board, as well

as layout of electrical connections such as traces and vias, where the packaged

semiconductor device corresponds to the package 740 including the transmitter 102 of

FIG. 1, the receiver 150 of FIG. 1, one or more of the tables 300, 320, 340 of FIG. 3, or

any combination thereof. In other embodiments, the data file generated by the

transformed PCB design information may have a format other than a GERBER format.

[0064] The GERBER file 752 may be received at a board assembly process 754 and

used to create PCBs, such as a representative PCB 756, manufactured in accordance

with the design information stored within the GERBER file 752. For example, the

GERBER file 752 may be uploaded to one or more machines to perform various steps

of a PCB production process. The PCB 756 may be populated with electronic

components including the package 740 to form a representative printed circuit assembly

(PCA) 758.

[0065] The PCA 758 may be received at a product manufacture process 760 and

integrated into one or more electronic devices, such as a first representative electronic

device 762 and a second representative electronic device 764. As an illustrative, non-

limiting example, the first representative electronic device 762, the second

representative electronic device 764, or both, may be selected from the group of a set

top box, a music player, a video player, an entertainment unit, a navigation device, a

communications device, a personal digital assistant (PDA), a fixed location data unit,

and a computer, into which the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1,

and/or one or more of the tables 300, 320, 340 of FIG. 3 is integrated. As another

illustrative, non-limiting example, one or more of the electronic devices 762 and 764

may be remote units such as mobile phones, hand-held personal communication systems

(PCS) units, portable data units such as personal data assistants, global positioning

system (GPS) enabled devices, navigation devices, fixed location data units such as

meter reading equipment, or any other device that stores or retrieves data or computer

instructions, or any combination thereof. Although FIG. 7 illustrates remote units

according to teachings of the disclosure, the disclosure is not limited to these illustrated

units. Embodiments of the disclosure may be suitably employed in any device which

includes active integrated circuitry including memory and on-chip circuitry.



[0066] A device that includes the transmitter 102 of FIG. 1, the receiver 150 of FIG. 1,

one or more of the tables 300, 320, 340 of FIG. 3, or any combination thereof, may be

fabricated, processed, and incorporated into an electronic device, as described in the

illustrative process 700. One or more aspects of the embodiments disclosed with

respect to FIGS. 1-6 may be included at various processing stages, such as within the

library file 712, the GDSII file 726, and the GERBER file 752, as well as stored at the

memory 710 of the research computer 706, the memory 718 of the design computer

714, the memory 750 of the computer 746, the memory of one or more other computers

or processors (not shown) used at the various stages, such as at the board assembly

process 754, and also incorporated into one or more other physical embodiments such as

the mask 732, the die 736, the package 740, the PCA 758, other products such as

prototype circuits or devices (not shown), or any combination thereof. Although

various representative stages of production from a physical device design to a final

product are depicted, in other embodiments fewer stages may be used or additional

stages may be included. Similarly, the process 700 may be performed by a single entity

or by one or more entities performing various stages of the process 700.

[0067] Those of skill would further appreciate that the various illustrative logical

blocks, configurations, modules, circuits, and algorithm steps described in connection

with the embodiments disclosed herein may be implemented as electronic hardware,

computer software executed by a processor, or combinations of both. Various

illustrative components, blocks, configurations, modules, circuits, and steps have been

described above generally in terms of their functionality. Whether such functionality is

implemented as hardware or processor executable instructions depends upon the

particular application and design constraints imposed on the overall system. Skilled

artisans may implement the described functionality in varying ways for each particular

application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure.

[0068] The steps of a method or algorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, in a software

module executed by a processor, or in a combination of the two. A software module

may reside in random access memory (RAM), flash memory, read-only memory

(ROM), programmable read-only memory (PROM), erasable programmable read-only



memory (EPROM), electrically erasable programmable read-only memory (EEPROM),

registers, hard disk, a removable disk, a compact disc read-only memory (CD-ROM), or

any other form of non-transient storage medium known in the art. An exemplary

storage medium is coupled to the processor such that the processor can read information

from, and write information to, the storage medium. In the alternative, the storage

medium may be integral to the processor. The processor and the storage medium may

reside in an application-specific integrated circuit (ASIC). The ASIC may reside in a

computing device or a user terminal. In the alternative, the processor and the storage

medium may reside as discrete components in a computing device or user terminal.

[0069] The previous description of the disclosed embodiments is provided to enable a

person skilled in the art to make or use the disclosed embodiments. Various

modifications to these embodiments will be readily apparent to those skilled in the art,

and the principles defined herein may be applied to other embodiments without

departing from the scope of the disclosure. Thus, the present disclosure is not intended

to be limited to the embodiments shown herein but is to be accorded the widest scope

possible consistent with the principles and novel features as defined by the following

claims.



CLAIMS

1. A method comprising:

receiving multiple bits to be transmitted;

encoding the multiple bits to generate a multi-bit signal that represents the

multiple bits; and

transmitting, via a bus, the multi-bit signal during a time period that corresponds

to one-half of a cycle of a synchronization signal.

2. The method of claim 1, wherein the multi-bit signal is generated by

performing at least one of phase modulation and duty cycle modulation.

3. The method of claim 1, further comprising determining a symbol

corresponding to the multiple bits, wherein the multi-bit signal is encoded based on the

symbol.

4. The method of claim 3, further comprising modulating at least one of a phase

of the multi-bit signal and a duty cycle of the multi-bit signal based on the symbol, and

wherein the multi-bit signal includes at most two transitions during the time period.

5. The method of claim 4, wherein circuitry configured to perform the

modulation of the multi-bit signal is responsive to a first clock signal, wherein the first

clock signal is generated by an internal clock, and wherein the synchronization signal is

generated based on a second clock that is different than the internal clock.

6. The method of claim 5, wherein the internal clock comprises a ring oscillator.

7. The method of claim 1, wherein the multiple bits are received at a processor

and wherein the processor is coupled to a memory device via the bus.

8. The method of claim 7, wherein the memory device comprises a double data

rate (DDR) synchronous dynamic random access memory (SDRAM).



9. An apparatus comprising:

an input interface configured to receive multiple bits to be transmitted; and

signal generation logic configured to:

encode the multiple bits to generate a multi-bit signal that represents the

multiple bits; and

transmit, via a bus, the multi-bit signal during a time period that

corresponds to one-half of a cycle of a synchronization signal.

10. The apparatus of claim 9, wherein the multi-bit signal is generated by

performing at least one of phase modulation and duty cycle modulation.

11. The apparatus of claim 9, wherein the signal generation logic is further

configured to determine a symbol corresponding to the multiple bits, wherein the signal

generation logic encodes the multi-bit signal based on the symbol.

12. The apparatus of claim 11, wherein the signal generation logic further

comprises modulation logic configured to modulate at least one of a phase of the multi-

bit signal and a duty cycle of the multi-bit signal based on the symbol, and wherein the

multi-bit signal includes at most two transitions during the time period.

13. The apparatus of claim 12, wherein the signal generation logic further

comprises a first clock configured to generate a first clock signal, wherein the

modulation logic is responsive to the first clock signal during the modulation of the

multi-bit signal, and wherein the synchronization signal is generated based on a second

clock signal received from a system clock that is different than the first clock.

14. The apparatus of claim 13, wherein the first clock comprises a ring

oscillator.

15. The apparatus of claim 13, integrated into at least one semiconductor die.



16. The apparatus of claim 15, further comprising a device selected from a set

top box, a music player, a video player, an entertainment unit, a navigation device, a

communications device, a personal digital assistant, a fixed location data unit, and a

computer, into which the at least one semiconductor die is integrated.

17. The apparatus of claim 9, wherein the input interface is coupled to a

processor and wherein the signal generation logic is coupled to a memory device via the

bus.

18. The apparatus of claim 17, wherein the memory device comprises a double

data rate (DDR) synchronous dynamic random access memory (SDRAM).

19. A computer-readable storage device comprising instructions that, when

executed by a processor cause the processor to:

receive, via a bus, a multi-bit signal from a transmitter during a time period that

corresponds to one-half of a cycle of a synchronization signal;

decode multiple bits represented by the multi-bit signal; and

store the multiple bits at one or more storage elements of a memory device.

20. The computer-readable storage device of claim 19, wherein the multiple bits

are decoded by sampling the multi-bit signal.

21. The computer-readable storage device of claim 19, wherein decoding the

multiple bits further comprises determining a symbol corresponding to the multi-bit

signal.

22. The computer-readable storage device of claim 21, further comprising

instructions that, when executed by the processor, cause the processor to sample the

multi-bit signal, wherein the symbol is determined based on the sampling of the multi-

bit signal.



23 . The computer-readable storage device of claim 22, further comprising

instructions that, when executed by the processor, cause the processor to generate a first

clock signal, wherein the multi-bit signal is sampled at a frequency corresponding to the

first clock signal, and wherein the time period corresponding to one-half of the cycle of

the synchronization signal is determined based on a second clock signal that is different

than the first clock signal.

24. The computer-readable storage device of claim 23, wherein the second clock

signal corresponds to a synchronization signal, wherein the first clock signal has a first

frequency that is higher than a second frequency of the second clock signal.

25. The computer-readable storage device of claim 19, wherein the multi-bit

signal is received at a memory device, and wherein the memory device is coupled to a

processor via the bus.

26. The computer-readable storage device of claim 25, wherein the memory

device comprises a double data rate (DDR) synchronous dynamic random access

memory (SDRAM).

27. An apparatus comprising:

means for receiving multiple bits to be transmitted;

means for encoding the multiple bits to generate a multi-bit signal that represents

the multiple bits; and

means for transmitting, via a bus, the multi-bit signal during a time period that

corresponds to one-half of a cycle of a synchronization signal.

28. The apparatus of claim 27, further comprising means for determining a

symbol corresponding to the multiple bits, wherein the means for encoding generates

the multi-bit signal based on the symbol.

29. The apparatus of claim 28, further comprising means for modulating at least

one of a phase of the multi-bit signal and a duty cycle of the multi-bit signal based on

the symbol, and wherein the multi-bit signal includes at most two transitions during the

time period.



30. The apparatus of claim 29, further comprising means for generating a first

clock signal, wherein the means for modulating is responsive to the first clock signal

during the modulation of the multi-bit signal, and wherein the synchronization signal is

generated based on a second clock signal that is different than the first clock.

31. The apparatus of claim 30, wherein the means for generating the first clock

signal comprises a ring oscillator.

32. The apparatus of claim 27, wherein the means for receiving is coupled to a

processor and wherein the means for transmitting is coupled to a memory device via the

bus, wherein the memory device comprises a double data rate (DDR) synchronous

dynamic random access memory (SDRAM).

33. A method comprising:

a first step for receiving, via a bus, a multi-bit signal from a transmitter during a

time period that corresponds to one-half of a cycle of a synchronization

signal;

a second step for decoding multiple bits represented by the multi-bit signal; and

a third step for storing the multiple bits at one or more storage elements of a

memory device based on the synchronization signal.

34. A method comprising:

receiving a data file comprising design information corresponding to a

semiconductor device; and

fabricating the semiconductor device according to the design information,

wherein the semiconductor device comprises circuitry to encode or

decode a multi-bit signal that represents multiple bits during a time

period that corresponds to one-half of a cycle of a synchronization signal.

35. The method of claim 34, wherein the data file includes a GDSII format.

36. The method of claim 34, wherein the data file has a GERBER format.
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