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data bit signals from a transmitting component. The
receiving component includes a forward strobe clock
recovery circuit configurable to align a forward strobe
sampling clock so as to improve sampling accuracy. The
receiving component further includes at least one data
bit clock recovery circuit configurable to align a data
bit sampling clock so as to improve sampling accuracy,
and to receive a signal from the forward strobe clock
recovery circuit that causes the data bit sampling clock
to track the forward strobe sampling clock during system
operation.
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20 TECHNICAL FIELD

The invention is in the field of data transfer in computer and other digital

systems.

BACKGROUND

25 As computer and other digital systems become more complex and more

capable, methods and hardware to enhance the transfer of data between system

components or elements typical continually evolve. Data to be transferred include

signals representing data, commands, or any other signals. System components or

elements can include different functional hardware blocks on a single integrated

30 circuit (IC), or on different ICs. The different ICs may or may not be on the same

printed circuit board (PCB). System components typically include an input/output

(I/O) interface specifically designed to receive data from other system components

and to transmit data to other system components. Generally speaking, existing 1/0

interfaces can be categorized into serial and parallel “links”. Regardless of the type

35  ofI/O interface, transferred data must be synchronized between system components

for proper operation. Synchronization includes accounting for or compensating for

several phenomena that potentially cause errors, including signal jitter and signal

skew. The phenomena include differences between component clocks, and physical

attributes of the data paths that create noise and affect the integrity of the transferred
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signal. Current approaches to handling serial I/O and parallel I/O interfaces deal
with these data synchronization issues, but have limitations.

A typical serial link embeds clock information within the data stream and
extracts the clock information at the receiver using a clock recovery scheme. Such
schemes are also known as per-line closed-loop timing. Guaranteeing transition
density requires encoding the data, typically using 8B/10B codes. A disadvantage of
this approach is that it adds bandwidth overhead and increases complexity, which
hurts performance and increases cost.

A typical parallel link sends a clock signal, or strobe, with a group of N data
signals (for example, N may be 8 in a double data rate dynamic random access
memory (DDR DRAM)). Depending on the data rate and the level of sophistication
required, one of the following “source-synchronous timing” methods is used: the
receiver simply samples the data with the strobe directly if the strobe has already
been shifted by half a bit time relative to the data sent by the transmitter; or if the
strobe is aligned with the edge of the data sent by the transmitter, the receiver delays
the strobe by the same fixed amount across the group of data to sample the data eye
at the nominal center.

Each of the two parallel link approaches require very tight matching of the
trace impedance and trace length across the group of data and the strobe to achieve
high data rates. To alleviate this, each bit receiver can delay the strobe by a different
amount to place its own clock at the center of its own data. This is sometimes called
per-bit de-skew. A disadvantage of this parallel scheme is that the strobe (which is
usually sent across a circuit board and distributed to the group of data) is noisy, thus
reducing the system timing budget. In addition, the receiver simply uses or delays
the strobe, which adds jitter rather than filtering jitter. In some implementations, a
strobe is transmitted for each data bit rather than for a group of bits, which increases

pin counts and cost.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of portions of a system including a receiver

interface according to an embodiment.
Figure 2 is a flow diagram of a method performed by circuitry of F igure 1

according to an embodiment.
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DETAILED DESCRIPTION

Embodiments of a bit-deskewing 10 method and system are described

herein. A method and system for bit-deskewing are described. In one embodiment,
a system component receives a forward strobe signal and multiple data bit signals
from a transmitting component. The receiving component includes a forward strobe
clock recovery circuit configurable to align a forward strobe sampling clock so as to
improve sampling accuracy. The receiving component further includes at least one
data bit clock recovery circuit configurable to align a data bit sampling clock so as to
improve sampling accuracy, and to receive a signal from the forward strobe clock
recovery circuit that causes the data bit sampling clock to track the forward strobe
sampling clock during system operation.

Embodiments achieve data rates similar to a serial link with per-line closed-
loop timing, but without the typically associated complexity and encoding
bandwidth overhead. In one embodiment these advantages are provided in an
interface that includes improved performance over existing source-synchronous
parallel links, but does not include the complexity and overhead (e.g., as a result of
encoding a clock in a serial data stream) associated with current serial links.

Figure 1 is a block diagram of portions of a system 100 according to an
embodiment. System 100 includes a transmitter 104 and a receiver interface 102.
System 100 may be any computer system or sub-system thereof, digital system,
component or combination of components that transits data among components.
The components may be blocks of circuitry on an integrated circuit, different
integrated circuits on the same printed circuit board, or components that
communicate via a network. In various embodiments, the components communicate
at high speeds and high data rates. For example, system 100 may be a computer
system with graphics processing or video processing unit communicating with
double data rate (DDR) DRAMS, but embodiments are not so limited.

Relevant portions of the transmitter 104 are shown, including latches or flip-
flops 106(0) — 106(N-1) and associated output buffers. In one embodiment, the
transmitter 104 transmits a strobe signal, or forward clock (labeled DQS) that is
associated with data bits DQ(0) — DQ(N-1). The data bits and the forward strobe are
transmitted on transmission medium 107. Transmission medium 107 in various
embodiments can be one or more of a cable, a PCB trace, or any other known

transmission medium. The data bits DQ are transmitted according to the
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communication taking place between the transmitter 104 and a receiving component
that includes the receiver interface 102. The forward strobe DQS, in contrast, is
continually transmitted as a toggling logic value (101010...) as shown. The
transmitter 104 further includes a transmit phase lock loop (TxPLL) 108, which is a
well known circuit. For example, PLLs are used as a control mechanism in most
frequency synthesizers. TxPLL 108 operates in a known manner.

The receiver interface 102 includes a receive PLL (RxPLL) 110 that operates
in a known manner. TxPLL 108 and RxPLL 110 both receive a reference clock
signal, Ref Clk 109. The output of TxPLL 108 provides a clock signal for latches
106. The output of RXPLL 110 is input to a clock phase delay circuit 120 for each
of the data bits DQ and for the forward strobe signal DQS, as described in more
detail below.

The forward strobe signal DQS is received by a clock recovery circuit 112(S)
of the receiver interface 102. Receiver interface 102 also includes a separate clock
recovery circuit 113 for each of the data bits DQ (clock recovery circuit 113(0) for
DQ(0), clock recovery circuit 113(1) for DQ(1), etc.).

In order to help ensure that received signals, including the strobe and the data
signals, are correctly sampled by the receiver interface 102, the sampling clock
signal is aligned so as to optimally sample the received signals. For example, in one
embodiment, the sampling clock signal is aligned to sample close to the center of the
received data valid window (also referred to as the data eye). This maximizes setup
and hold times and reduces the probability of sampling error. The forward strobe
signal and the data bits DQ are transmitted edge-aligned. One function of the clock
recovery circuits 112 and 113 in the receiver interface 102 is to adjust the phase of
the received RXPLL 110 output signal so that the sample point is close to the center
of the data eye. In other embodiments, the phase of the received RxPLL 110 output
signal may be adjusted or aligned according to other criteria in order to improve
sampling accuracy appropriately to the design of the system embodiment.

Referring to clock recovery circuit 112(S), the forward strobe DQSis
received by a phase detector 114. The phase detector 114 is a known circuit, such as
a comparator for example, that compares the phase of the received signal to that of
the sampling clock signal and determines whether it is early or late with respect to
the sampling clock signal. As further explained below, the sampling clock signal is
the output of the RxPLL 110 after its phase relationship to the received signal is
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adjusted to be aligned with the center of the forward strobe DQS through the clock
phase delay circuit 120. The output of the phase detector 114 is an early/late
indication for each clock cycle. The early/late indications are input to a divider 116.
The divider 116 is adjustable to reduce the number of detected early/late indications
by some ratio. The output of the divider 116 is an adjusted number of early/late
indications that are received by a phase counter 118. The number of early/late
indications is adjusted because it may not be desirable to react to every early or late
indication by adjusting the phase of the RxPLL 110 output. For example, adjusting
the phase of the RxPLL 110 output in reaction to each early/late indication could
cause clock dither. Therefore the early/late indications are divided by a number, for
example 32, such that the phase of the RxPLL 110 output is moved for every 32
indications.

The output of the phase counter 118 is a signal DQSPC which is input to a
clock phase delay circuit 120 that adjusts the delay of the RxPLL 110 output to place
the RxPLL 110 output at the center of DQS. In one embodiment, the clock phase
delay circuit 120 is a phase interpolator, but embodiments are not so limited. The
clock phase delay circuit 120 outputs a recovered forward clock signal DQSrclk that
is fed back to the phase detector circuit 114. In the present embodiments, DQSrclk
will be adjusted until it is at the center of the received DQS signal to maximize the
setup/hold time window. In this way the DQSrclk is compared to the received DQS
signal for continual adjustment while the clock recovery circuit 1 12(S) is enabled or
active.

According to an embodiment, the clock recovery circuit 1 12(S) is run in an
initial “training” phase to train the circuit 112(S) in the appropriate number of delays
required to center the recovered forward clock signal DQSrclk on the data eye of
DQS (the received strobe signal). This number of delays is represented by the
DQSPC signal. Once the clock recovery circuit 112(S) has been trained and a
DQSPC signal has been obtained, the clock recovery circuit 1 12(8S) is disabled by a
DQS freeze signal input to the divider circuit 116. The DQS freeze signal has the
affect of maintaining the DQSPC signal at a stable value.

The receiver interface 102 further includes data bit clock recovery circuits
113(0), 113(1), and so on, through 113(N-1) for each of the data bits DQ. Inan
embodiment, the data bit clock recovery circuits 113 are disabled during the training

phase of the clock recovery circuit 112(S) by a common DQfreeze signal. After the
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clock recovery circuit 112(S) is trained and disabled, the clock recovery circuits 113
are enabled for a data clock recovery circuit training phase. In the data clock
recovery circuit training phase, each of the data clock recovery circuits 113 operates
to detect any phase difference between the output of the RxPLL 110 and the data eye
of the respective received data signal. In one embodiment, the phase adjustment
established during the training phase of the strobe clock recovery circuit 112(S), as
represented by the DQSPC signal, is added to a phase adjustment determined by
each clock recovery circuit 113,

With reference to the clock recovery circuit 133(0), the data signal DQ(0) is
received by a phase detector circuit 114. As explained with reference to the clock
recovery circuit 112(S), the output of the phase detector circuit 114 is received by an
adjustable divider circuit 116. The output of the divider circuit 116 is received by a
phase counter 118, which outputs a signal DQPC(0) to an adder 122. The adder 122
also receives the DQSPC signal from the strobe clock recovery circuit 112(S), and
adds the received signals to generate an input to a phase delay circuit 120. The
DQPC signal is an intermediate clock offset that is added to the DQSPC clock offset
to generate the data clock offset signal that is input to the clock phase delay circuit
120. The input from the adder 122 to the clock phase delay circuit 120 indicates an
amount by which the RxPLL 110 output should be delayed. The output of the clock
phase delay circuit 120 is a recovered clock signal for data bit DQ(0), or DQrclk(0).

Each of the data clock recovery circuits 113 goes through a similar training
phase to arrive at a DQPC signal and a DQrclk signal. The training phases for the
different clock recovery circuits 113 can occur simultaneously or at different times.
When all of the data clock recovery circuits 113 are trained, they are all disabled
with the DQfreeze signal. Disabling the data clock recovery circuits 113 prevents
the DQPC signals of respective circuits 113 from changing.

During normal system operation, the strobe clock recovery circuit 1 12(S) is
enabled once again and runs freely while the component containing the receiver
interface 102 is operational. Thus, the circuit 112(S) will adjust DQSPC as required
to keep the DQSrclk in the center of the received forward strobe (DQS). The data
clock recovery circuits, on the other hand, remain disabled during normal system
operation. Because each of the data clock recovery circuits receive DQSPC,
however, the phase adjustment or offset of the signal that clocks each of the data bits
(DQ(0) through DQ(N-1)) will be adjusted to track any DQSPC change. The data
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thus “tracks™ the forward strobe. That is, the data and the forward strobe move
together because their respective sampling clocks move together. This is effective
because the relationship of each data signal to the forward strobe (or the relationship
between the respective sampling clocks of each data signal and the forward strobe)
was established during the training phases and should not vary greatly, given that
they each should see similar environment changes.

Figure 2 is a flow diagram illustrating a bit-deskewing method 200 that can
be performed by the system of Figure 1 according to an embodiment. The system
initializes at 202. As part of the initialization process, the forward strobe clock
recovery circuit is enabled and the data clock recovery circuit is disabled as shown
at 204. At 206, the forward strobe clock recovery circuit is allowed to run in order
to establish DQSPC. As previously described, the DQSPC is established when the
value of DQSPC is appropriate to cause a clock phase delay circuit to place the
forward strobe sampling clock DQSrclk in the center of the received forward strobe
data eye. In one embodiment, the forward strobe sampling clock DQSrclk is the
delayed output of a transmit PLL, RxPLL, that receives a reference clock. In one
embodiment, the forward strobe clock recovery circuit is run for a predetermined
amount of time (for example, one millisecond) that has been determined to be
sufficient to establish DQSPC. In other embodiments additional circuitry (not
shown) determines when DQSPC is established.

When DQSPC has been established, the forward strobe clock recovery
circuit is disabled and the data clock recovery circuits are enabled, as shown at 208.
The data clock recovery circuits are run to establish respective DQPCs at 210. As
previously described with reference to Figure 1, DQSPC is added to each DQPC
phase counter output during this data clock recovery training phase.

When the DQPCs have been established, the forward strobe clock recovery
circuit is enabled again and the data clock recovery circuits are disabled, as shown at
212. Normal system operation then proceeds at 214,

In various embodiments, clock recovery events during normal operation may
cause one or more of the clock recovery circuits to complete another training phase
during system operation. For example, in one embodiment, if one or more of the
DQPC values have not changed for a predetermined number of clock cycles (for
example one thousand cycles), the training processes starting at 208 are repeated. In

another embodiment, the system components that contain the receiver interface 102
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experience idle periods or power saving periods during which no “useful” work is
done by the component. Idle periods are also clock recovery events in such
embodiments. An example of such a component is a double data rate dynamic
random access memory (DDR DRAM) for which a refresh cycle can be used as a
clock recovery event.

In various embodiments, the control of the described circuitry is performed
by a high-level system protocol. Some of the behavior of the circuitry can be
specified for a particular component such that a user of the component can tailor the
behavior of the circuitry through the protocol. Examples of specified behavior are
values for the divider circuit, predetermined amounts of time for performing clock
recovery circuit training, and which events, if any, are clock recovery events.

Embodiment of the bit-deskewing IO method and system disclosed herein
include a system comprising: at least one component configurable to transmit a
plurality of data bits and a forward strobe associated with the plurality of data bits; at
least one component configurable to receive the plurality of signals. In an
embodiment, the at least one component configurable to receive comprises: a
forward strobe clock recovery circuit configurable to align a forward strobe
sampling clock so as to improve sampling accuracy; and at least one data bit clock
recovery circuit configurable to align a data bit sampling clock so as to improve
sampling accuracy, and to receive a signal from the forward strobe clock recovery
circuit that causes the data bit sampling clock to track the forward strobe sampling
clock during operation of the at least one component configurable to receive.

In an embodiment, the signal received from the forward strobe clock
recovery circuit comprises a forward strobe clock offset, and wherein the forward
strobe clock offset is combined with an intermediate data bit clock offset to generate
a data bit clock offset.

In an embodiment, the data bit sampling clock is aligned by generating a data
bit clock offset in a training phase during which the at least one data bit clock
recovery circuit is active, and wherein the data bit clock offset includes an
intermediate data bit clock offset combined with the signal from the forward strobe
clock recovery circuit, wherein the signal comprises a forward strobe clock offset.

In an embodiment, during operation of the at least one component

configurable to receive, the at least one data bit clock recovery circuit is inactive, the
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intermediate data bit clock offset is fixed, and the data bit clock offset varies with
the forward strobe clock offset.

In an embodiment, the forward strobe clock recovery circuit aligns the
forward strobe sampling clock during a forward strobe training phase, including
generating a forward strobe clock offset, and the at least one data bit clock recovery
circuit aligns the data bit sampling clock during a data bit training phase in which
the forward strobe clock recovery circuit in inactive, wherein the signal received
from the forward strobe clock is the forward strobe offset, which is combined with
an intermediate data clock offset to generate a data bit clock offset.

In an embodiment, the at least one data bit clock recovery circuit comprises a
data bit clock recover circuit for each of the plurality of data bits.

In an embodiment, wherein the at least one data bit clock recovery circuit
includes a phase detector that receives a respective data bit and a recovered data
clock signal and outputs an early/late indication that represents a phase difference.

In an embodiment, the at least one data bit clock recovery circuit further
includes a phase counter that receives the early/later indication outputs an
intermediate data bit clock offset.

In an embodiment, the early/late indication is divided by a predetermined
number before it is received by the phase counter.

In an embodiment, the at least one data bit clock recovery circuit further
includes an adder that adds the intermediate data bit clock offset to the signal
received from the forward strobe clock recovery circuit, wherein the signal
comprises a forward strobe clock offset.

In an embodiment, the at least one data bit clock recovery circuit further
includes a clock phase delay circuit that received an output of the adder and
generates the recovered data clock signal.

Embodiments further include a computer readable medium having
instruction stored thereon which, when operated in a system, cause the system to
implement a method of data transfer, the method comprising: training a forward
strobe clock recovery circuit to determine a forward strobe sampling clock offset to
be used to improve sampling accuracy; and training at least one data bit clock
recovery circuit to determine a data bit sampling clock offset to be used to improve
sampling accuracy, wherein the data bit sampling clock offset includes the forward

strobe sampling clock offset and an intermediate data bit sampling clock offset.
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In an embodiment, the method implemented by the system further comprises
enabling the forward strobe clock recovery circuit and disabling the data clock
recovery circuit while training the forward strobe clock recovery circuit.

In an embodiment, the method implemented by the system further comprises
disabling the forward strobe clock recovery circuit and enabling the data clock
recovery circuit while training the data clock recovery circuit.

In an embodiment, the method implemented by the system further comprises
enabling the forward strobe clock recovery circuit and disabling the data clock
recovery circuit during system operation such that the data bit sampling clock offset
tracks the forward strobe sampling clock offset.

In an embodiment, the method implemented by the system further comprises:
detecting at least one clock recovery event during operation of the system; and
repeating training at least one data bit clock recovery circuit.

In an embodiment, the at least one clock recovery event comprises: passage
of a predetermined amount of time since a last training of the at least one data clock
recovery circuit; an idle state of a system component that includes the at least one
data clock recovery circuit; and a low power state of a system component that
includes the at least one data clock recovery circuit.

Embodiments further include a method for transferring data in a system, the
method comprising: training a forward strobe clock recovery circuit to determine a
forward strobe sampling clock offset to be used to improve sampling accuracy; and
training at least one data bit clock recovery circuit to determine a data bit sampling
clock offset to be used to improve sampling accuracy, wherein the data bit sampling
clock offset includes the forward strobe sampling clock offset and an intermediate
data bit sampling clock offset.

An embodiment includes enabling the forward strobe clock recovery circuit
and disabling the data clock recovery circuit while training the forward strobe clock
recovery circuit.

An embodiment includes disabling the forward strobe clock recovery circuit
and enabling the data clock recovery circuit while training the data clock recovery
circuit.

An embodiment includes enabling the forward strobe clock recovery circuit
and disabling the data clock recovery circuit during system operation such that the

data bit sampling clock offset tracks the forward strobe sampling clock offset.

10
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An embodiment includes detecting at least one clock recovery event during
operation of the system, and repeating training at least one data bit clock recovery
circuit.

In an embodiment, the at least one clock recovery event comprises: passage
of a predetermined amount of time since a last training of the at least one data clock
recovery circuit; an idle state of a system component that includes the at least one
data clock recovery circuit; and a low power state of the at least one data clock
recovery circuit.

Embodiments further include an apparatus for transmitting data comprising:
a strobe signal transmitter for transmitting a strobe signal on a transmission medium;
and at least one data transmitter for transmitting at least one data signal on a
transmission medium, wherein a receiver strobe sampling clock is aligned for
sampling the strobe signal, and wherein at least one receiver data sampling clock is
aligned to track the aligned receiver strobe sampling clock.

In an embodiment, the strobe signal is continually transmitted on the
transmission medium.

In an embodiment, the continually transmitted strobe signal is toggled
between a logical high value and a logical low value.

Embodiments further include a method of transmitting data comprising:
transmitting a strobe signal on a transmission medium; and transmitting at least one
data signal on a transmission medium, wherein a strobe sampling clock that samples
the transmitted strobe signal is adjusted by an adjustment value that is used to align
the strobe sampling clock, and wherein the adjustment value is further used to align
at least one data sampling clock that samples the at least one data signal.

In an embodiment, transmitting the strobe signal comprises continually
transmitting the strobe signal on the transmission medium.

In an embodiment, continually transmitting the strobe signal comprises
toggling the continually transmitted strobe signal between a logical high value and a
logical low value.

Embodiments further include a receiver for receiving data comprising: a
forward strobe clock recovery circuit configurable to align a forward strobe
sampling clock; and at least one data bit clock recovery circuit configurable to align

a data bit sampling clock and to receive a signal from the forward strobe clock

11
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recovery circuit, the at least one data bit recovery circuit configuring the data bit
sampling clock to track the forward strobe sampling clock during operation.

In an embodiment, the signal received from the forward strobe clock
recovery circuit comprises a forward strobe clock offset, and wherein the forward
strobe clock offset is combined with an intermediate data bit clock offset to generate
a data bit clock offset.

In an embodiment, the data bit sampling clock is aligned by generating a data
bit clock offset in a training phase during which the at least one data bit clock
recovery circuit is active, and wherein the data bit clock offset includes an
intermediate data bit clock offset combined with the signal from the forward strobe
clock recovery circuit, wherein the signal comprises a forward strobe clock offset.

In an embodiment, during operation of the at least one component
configurable to receive, the at least one data bit clock recovery circuit is inactive, the
intermediate data bit clock offset is fixed, and the data bit clock offset varies with
the forward strobe clock offset.

In an embodiment, the forward strobe clock recovery circuit aligns the
forward strobe sampling clock during a forward strobe training phase, including
generating a forward strobe clock offset, and the at least one data bit clock recovery
circuit aligns the data bit sampling clock during a data bit training phase in which
the forward strobe clock recovery circuit in inactive, wherein the signal received
from the forward strobe clock is the forward strobe offset, which is combined with
an intermediate data clock offset to generate a data bit clock offset.

In an embodiment, the at least one data bit clock recovery circuit comprises a
data bit clock recover circuit for each of the plurality of data bits.

In an embodiment, the at least one data bit clock recovery circuit includes a
phase detector that receives a respective data bit and a recovered data clock signal
and outputs an early/late indication that represents a phase difference.

In an embodiment, the at least one data bit clock recovery circuit further
includes a phase counter that receives the early/later indication outputs an
intermediate data bit clock offset.

In an embodiment, the early/late indication is divided by a predetermined
number before it is received by the phase counter.

In an embodiment, the at least one data bit clock recovery circuit further

includes an adder that adds the intermediate data bit clock offset to the signal
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received from the forward strobe clock recovery circuit, wherein the signal
comprises a forward strobe clock offset.

In an embodiment, the at least one data bit clock recovery circuit further
includes a clock phase delay circuit that received an output of the adder and
generates the recovered data clock signal.

Embodiments further include a method for receiving data comprising:
responsive to receiving a forward strobe, a forward strobe clock recovery circuit
aligning a forward strobe sampling clock; and aligning a data bit sampling clock to
track the forward strobe sampling clock during operation.

In an embodiment, the signal received from the forward strobe clock
recovery circuit comprises a forward strobe clock offset, and wherein the forward
strobe clock offset is combined with an intermediate data bit clock offset to generate
a data bit clock offset.

In an embodiment, the data bit sampling clock is aligned by generating a data
bit clock offset in a training phase during which the at least one data bit clock
recovery circuit is active, and wherein the data bit clock offset includes an
intermediate data bit clock offset combined with the signal from the forward strobe
clock recovery circuit, wherein the signal comprises a forward strobe clock offset.

In an embodiment, during operation of the at least one component
configurable to receive, the at least one data bit clock recovery circuit is inactive, the
intermediate data bit clock offset is fixed, and the data bit clock offset varies with
the forward strobe clock offset.

In an embodiment, the forward strobe clock recovery circuit aligns the
forward strobe sampling clock during a forward strobe training phase, including
generating a forward strobe clock offset, and the at least one data bit clock recovery
circuit aligns the data bit sampling clock during a data bit training phase in which
the forward strobe clock recovery circuit in inactive, wherein the signal received
from the forward strobe clock is the forward strobe offset, which is combined with
an intermediate data clock offset to generate a data bit clock offset.

In an embodin;ent, the at least one data bit clock recovery circuit comprises a
data bit clock recover circuit for each of the plurality of data bits.

In an embodiment, the at least one data bit clock recovery circuit includes a
phase detector that receives a respective data bit and a recovered data clock signal

and outputs an early/late indication that represents a phase difference.
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In an embodiment, the at least one data bit clock recovery circuit further
includes a phase counter that receives the early/later indication outputs an
intermediate data bit clock offset.

In an embodiment, the early/late indication is divided by a predetermined
number before it is received by the phase counter.

In an embodiment, the at least one data bit clock recovery circuit further
includes an adder that adds the intermediate data bit clock offset to the signal
received from the forward strobe clock recovery circuit, wherein the signal
comprises a forward strobe clock offset.

In an embodiment, the at least one data bit clock recovery circuit further
includes a clock phase delay circuit that received an output of the adder and
generates the recovered data clock signal.

Aspects of the invention described above may be implemented as
functionality programmed into any of a variety of circuitry, including but not limited
to programmable logic devices (PLDs), such as field programmable gate arrays
(FPGAS), programmable array logic (PAL) devices, electrically programmable logic
and memory devices and standard cell-based devices, as well as application specific
integrated circuits (ASICs) and fully custom integrated circuits. Some other
possibilities for implementing aspects of the invention include: microcontrollers
with memory (such as electronically erasable programmable read only memory
(EEPROM)), embedded microprocessors, firmware, software, etc. Furthermore,
aspects of the invention may be embodied in microprocessors having software-based
circuit emulation, discrete logic (sequential and combinatorial), custom devices,
fuzzy (neural) logic, quantum devices, and hybrids of any of the above device types.
Of course the underlying device technologies may be provided in a variety of
component types, e.g., metal-oxide semiconductor field-effect transistor (MOSFET)
technologies like complementary metal-oxide semiconductor (CMOS), bipolar
technologies like emitter-coupled logic (ECL), polymer technologies (e.g., silicon-
conjugated polymer and metal-conjugated polymer-metal structures), mixed analog
and digital, etc.

Unless the context clearly requires otherwise, throughout the description and
the claims, the words “comprise,” “comprising,” and the like are to be construed in
an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in a

sense of “includihg, but not limited to.” Words using the singular or plural number
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also include the plural or singular number respectively. Additionally, the words
“herein,” “hereunder,” “above,” “below,” and words of similar import, when used in
this application, refer to this application as a whole and not to any particular portions
of this application. When the word “or” is used in reference to a list of two or more
items, that word covers all of the following interpretations of the word: any of the
items in the list, all of the items in the list, and any combination of the items in the
list.

The above description of illustrated embodiments of the invention is not
intended to be exhaustive or to limit the invention to the precise form disclosed.
While specific embodiments of, and examples for, the invention are described herein
for illustrative purposes, various equivalent modifications are possible within the
scope of the invention, as those skilled in the relevant art will recognize. The
teachings of the invention provided herein can be applied to other systems, not only
for the system including graphics processing or video processing or DDR DRAMs
as described above. The various operations described may be performed in a very
wide variety of architectures and distributed differently than described. In addition,
though many configurations are described herein, none are intended to be limiting or
exclusive.

In other embodiments, some or all of the hardware and software capability
described herein may exist in a printer, a camera, television, handheld device,
mobile telephone or some other device. The elements and acts of the various
embodiments described above can be combined to provide further embodiments.
These and other changes can be made to the invention in light of the above detailed
description.

In general, in the following claims, the terms used should not be construed to
limit the video processing method and system to the specific embodiments disclosed
in the specification and the claims, but should be construed to include any
processing systems that operate under the claims to provide video processing.
Accordingly, the method and system is not limited by the disclosure, but instead the
scope of the method and system for bit-deskewing is to be determined entirely by
the claims.

While certain aspects of the method and apparatus for video processing are
presented below in certain claim forms, the inventors contemplate the various

aspects of the method and apparatus in any number of claim forms. For example,
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while only one aspect of the method and apparatus may be recited as embodied in
computer-readable medium, other aspects may likewise be embodied in computer-
readable medium. Accordingly, the inventors reserve the right to add additional
claims after filing the application to pursue such additional claim forms for other

5 aspects of the method and apparatus for bit-deskewing.
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CLAIMS
What is claimed is:

1. A system, comprising:
at least one component configurable to transmit a plurality of data bits and a
forward strobe associated with the plurality of data bits;
at least one component configurable to receive the plurality of signals,
wherein the at least one component configurable to receive comprises,
a forward strobe clock recovery circuit configurable to align a
forward strobe sampling clock so as to improve sampling accuracy; and
at least one data bit clock recovery circuit configurable to align a data
bit sampling clock so as to improve sampling accuracy, and to receive a signal from
the forward strobe clock recovery circuit that causes the data bit sampling clock to
track the forward strobe sampling clock during operation of the at least one

component configurable to receive.

2. The system of claim 1, wherein the signal received from the forward
strobe clock recovery circuit comprises a forward strobe clock offset, and wherein
the forward strobe clock offset is combined with an intermediate data bit clock offset

to generate a data bit clock offset.

3. The system of claim 1, wherein the data bit sampling clock is aligned
by generating a data bit clock offset in a training phase during which the at least one
data bit clock recovery circuit is active, and wherein the data bit clock offset
includes an intermediate data bit clock offset combined with the signal from the
forward strobe clock recovery circuit, wherein the signal comprises a forward strobe

clock offset.

4, The system of claim 3, wherein during operation of the at least one
component configurable to receive, the at least one data bit clock recovery circuit is
inactive, the intermediate data bit clock offset is fixed, and the data bit clock offset

varies with the forward strobe clock offset.
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5. The system of claim 1, wherein:

the forward strobe clock recovery circuit aligns the forward strobe sampling
clock during a forward strobe training phase, including generating a forward strobe
clock offset; and

the at least one data bit clock recovery circuit aligns the data bit sampling
clock during a data bit training phase in which the forward strobe clock recovery
circuit in inactive, wherein the signal received from the forward strobe clock is the
forward strobe offset, which is combined with an intermediate data clock offset to

generate a data bit clock offset.

6. The system of claim 1, wherein the at least one data bit clock
recovery circuit comprises a data bit clock recover circuit for each of the plurality of

data bits.

7. The system of claim 6, wherein the at least one data bit clock
recovery circuit includes a phase detector that receives a respective data bit and a
recovered data clock signal and outputs an early/late indication that represents a

phase difference.

8. The system of claim 7, wherein the at least one data bit clock
recovery circuit further includes a phase counter that receives the early/later

indication outputs an intermediate data bit clock offset.

9. The system of claim 8, wherein the early/late indication is divided by

a predetermined number before it is received by the phase counter.

10.  The system of claim 8, wherein the at least one data bit clock
recovery circuit further includes an adder that adds the intermediate data bit clock
offset to the signal received from the forward strobe clock recovery circuit, wherein

the signal comprises a forward strobe clock offset.
11. The system of claim 10, wherein the at least one data bit clock

recovery circuit further includes a clock phase delay circuit that received an output

of the adder and generates the recovered data clock signal.
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12. A computer readable medium having instruction stored thereon
which, when operated in a system, cause the system to implement a method of data
transfer, the method comprising:

training a forward strobe clock recovery circuit to determine a forward strobe
sampling clock offset to be used to improve sampling accuracy; and

training at least one data bit clock recovery circuit to determine a data bit
sampling clock offset to be used to improve sampling accuracy, wherein the data bit
sampling clock offset includes the forward strobe sampling clock offset and an

intermediate data bit sampling clock offset.

13, The medium of claim 12, wherein the method implemented by the
system further comprises enabling the forward strobe clock recovery circuit and
disabling the data clock recovery circuit while training the forward strobe clock

recovery circuit.

14. The medium of claim 12, wherein the method implemented by the
system further comprises disabling the forward strobe clock recovery circuit and
enabling the data clock recovery circuit while training the data clock recovery

circuit.

15. The medium of claim 12, wherein the method implemented by the
system further comprises enabling the forward strobe clock recovery circuit and
disabling the data clock recovery circuit during system operation such that the data

bit sampling clock offset tracks the forward strobe sampling clock offset.

16.  The medium of claim 12, wherein the method implemented by the
system further comprises:

detecting at least one clock recovery event during operation of the system;
and

repeating training at least one data bit clock recovery circuit.

17. The medium of claim 16, wherein the at least one clock recovery

event comprises:
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passage of a predetermined amount of time since a last training of the at least
one data clock recovery circuit;

an idle state of a system component that includes the at least one data clock
recovery circuit; and

a low power state of a systexﬁ component that includes the at least one data

clock recovery circuit.

18. A method for transferring data in a system, the method comprising:

training a forward strobe clock recovery circuit to determine a forward strobe
sampling clock offset to be used to improve sampling accuracy; and

training at least one data bit clock recovery circuit to determine a data bit
sampling clock offset to be used to improve sampling accuracy, wherein the data bit
sampling clock offset includes the forward strobe sampling clock offset and an

intermediate data bit sampling clock offset.

19. The method of claim 18, further comprising enabling the forward
strobe clock recovery circuit and disabling the data clock recovery circuit while

training the forward strobe clock recovery circuit.

20.  The method of claim 18, further comprising disabling the forward
strobe clock recovery circuit and enabling the data clock recovery circuit while

training the data clock recovery circuit.

21. The method of claim 18, further comprising enabling the forward
strobe clock recovery circuit and disabling the data clock recovery circuit during
system operation such that the data bit sampling clock offset tracks the forward

strobe sampling clock offset.

22.  The method of claim 18, further comprising:
detecting at least one clock recovery event during operation of the system;
and

repeating training at least one data bit clock recovery circuit.
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23.  The method of claim 22, wherein the at least one clock recovery
event comprises:

passage of a predetermined amount of time since a last training of the at least
one data clock recovery circuit;

an idle state of a system component that includes the at least one data clock
recovery circuit; and

a low power state of the at least one data clock recovery circuit.

24.  An apparatus for transmitting data comprising:
a strobe signal transmitter for transmitting a strobe signal on a
transmission medium; and
at least one data transmitter for transmitting at least one data signal on a
transmission medium, wherein a receiver strobe sampling clock is aligned for
sampling the strobe signal, and wherein at least one receiver data sampling clock is

aligned to track the aligned receiver strobe sampling clock.

25. The apparatus of claim 24 wherein the strobe signal is continually

transmitted on the transmission medium.

26.  The apparatus of claim 25 wherein the continually transmitted strobe

signal is toggled between a logical high value and a logical low value.

27. A method of transmitting data comprising:

transmitting a strobe signal on a transmission medium; and

transmitting at least one data signal on a transmission medium, wherein a
strobe sampling clock that samples the transmitted strobe signal is adjusted by an
adjustment value that is used to align the strobe sampling clock, and wherein the
adjustment value is further used to align at least one data sampling clock that

samples the at least one data signal.

28.  The method of claim 27 wherein transmitting the strobe signal

comprises continually transmitting the strobe signal on the transmission medium.
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29.  The method of claim 28, wherein continually transmitting the strobe
signal comprises toggling the continually transmitted strobe signal between a logical

high value and a logical low value.

30. A receiver for receiving data comprising:

a forward strobe clock recovery circuit configurable to align a forward strobe
sampling clock; and

at least one data bit clock recovery circuit configurable to align a data bit
sampling clock and to receive a signal from the forward strobe clock recovery
circuit, the at least one data bit recovery circuit configuring the data bit sampling

clock to track the forward strobe sampling clock during operation.

31.  The receiver of claim 30 wherein the signal received from the
forward strobe clock recovery circuit comprises a forward strobe clock offset, and
wherein the forward strobe clock offset is combined with an intermediate data bit

clock offset to generate a data bit clock offset.

32. The receiver of claim 30, wherein the data bit sampling clock is
aligned by generating a data bit clock offset in a training phase during which the at
least one data bit clock recovery circuit is active, and wherein the data bit clock
offset includes an intermediate data bit clock offset combined with the signal from
the forward strobe clock recovery circuit, wherein the signal comprises a forward

strobe clock offset,

33.  The receiver of claim 32, wherein during operation of the at least one
component configurable to receive, the at least one data bit clock recovery circuit is
inactive, the intermediate data bit clock offset is fixed, and the data bit clock offset

varies with the forward strobe clock offset.

34. The receiver of claim 30, wherein:
the forward strobe clock recovery circuit aligns the forward strobe sampling
clock during a forward strobe training phase, including generating a forward strobe

clock offset; and

22



WO 2007/015915 PCT/US2006/028092

5
6
7
8
9

N = —

—_

[ U N R

[—y

the at least one data bit clock recovery circuit aligns the data bit sampling
clock during a data bit training phase in which the forward strobe clock recovery
circuit in inactive, wherein the signal received from the forward strobe clock is the
forward strobe offset, which is combined with an intermediate data clock offset to

generate a data bit clock offset.

35. The receiver of claim 30, wherein the at least one data bit clock
recovery circuit comprises a data bit clock recover circuit for each of the plurality of

data bits.

36.  The receiver of claim 35, wherein the at least one data bit clock
recovery circuit includes a phase detector that receives a respective data bit and a
recovered data clock signal and outputs an early/late indication that represents a

phase difference.

37. The receiver of claim 36, wherein the at least one data bit clock
recovery circuit further includes a phase counter that receives the early/later

indication outputs an intermediate data bit clock offset.

38.  The receiver of claim 37, wherein the early/late indication is divided

by a predetermined number before it is received by the phase counter.

39. The receiver of claim 37, wherein the at least one data bit clock
recovery circuit further includes an adder that adds the intermediate data bit clock
offset to the signal received from the forward strobe clock recovery circuit, wherein

the signal comprises a forward strobe clock offset.

40. The receiver of claim 39, wherein the at least one data bit clock
recovery circuit further includes a clock phase delay circuit that received an output

of the adder and generates the recovered data clock signal.
41. A method for receiving data comprising:

responsive to receiving a forward strobe, a forward strobe clock recovery

circuit aligning a forward strobe sampling clock; and
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aligning a data bit sampling clock to track the forward strobe sampling clock

during operation.

42.  The method of claim 41 wherein the signal received from the forward
strobe clock recovery circuit comprises a forward strobe clock offset, and wherein
the forward strobe clock offset is combined with an intermediate data bit clock offset

to generate a data bit clock offset.

43.  The method of claim 41, wherein the data bit sampling clock is
aligned by generating a data bit clock offset in a training phase during which the at
least one data bit clock recovery circuit is active, and wherein the data bit clock
offset includes an intermediate data bit clock offset combined with the signal from
the forward strobe clock recovery circuit, wherein the signal comprises a forward

strobe clock offset.

44.  The method of claim 43, wherein during operation of the at least one
component configurable to receive, the at least one data bit clock recovery circuit is
inactive, the intermediate data bit clock offset is fixed, and the data bit clock offset

varies with the forward strobe clock offset.

45, The method of claim 41, wherein:

the forward strobe clock recovery circuit aligns the forward strobe sampling
clock during a forward strobe training phase, including generating a forward strobe
clock offset; and

the at least one data bit clock recovery circuit aligns the data bit sampling
clock during a data bit training phase in which the forward strobe clock recovery
circuit in inactive, wherein the signal received from the forward strobe clock is the
forward strobe offset, which is combined with an intermediate data clock offset to

generate a data bit clock offset.
46. The method of claim 41, wherein the at least one data bit clock

recovery circuit comprises a data bit clock recover circuit for each of the plurality of

data bits.
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47.  The method of claim 46, wherein the at least one data bit clock
recovery circuit includes a phase detector that receives a respective data bit and a
recovered data clock signal and outputs an early/late indication that represents a

phase difference.

48.  The method of claim 47, wherein the at least one data bit clock
recovery circuit further includes a phase counter that receives the early/later

indication outputs an intermediate data bit clock offset.

49.  The method of claim 48, wherein the early/late indication is divided

by a predetermined number before it is received by the phase counter.

50.  The method of claim 48, wherein the at least one data bit clock
recovery circuit further includes an adder that adds the intermediate data bit clock
offset to the signal received from the forward strobe clock recovery circuit, wherein

the signal comprises a forward strobe clock offset.
51. The method of claim 50, wherein the at least one data bit clock

recovery circuit further includes a clock phase delay circuit that received an output

of the adder and generates the recovered data clock signal.
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1. "‘ﬁ‘l’ % % ’ @%:

EV—ATEREATFTREZANKELAFEITR S NEIBIAR LKLY
BB 1% 18 Bk o 84 SR

EV—ATREATHEMRITEZAMET I, LPAAREE ) —AT
BB A T4 .38

e BB A 4P B w38, T B E A Tt F T Ak @bk RAE

BHAP AR G RAFHAE, AR

BV — A I R4APR B B 3L, T B E A T A 3 RAE R4

AR RENEHE, ABRLAFAEAE Yy —ANTERER THEKSGHRAHE

AT R R NPT 3 BT 6 ik 18 Bk AP B 4Pk B R4 kA2 5, AT AT R SdE

15 RAE AP IR IZ B 3 BT 6 16 1 ARk RAL AT 4T,

2. BAIER 1 RN ASG, BV A @k 4Pk E v
B P RAZ 5 Q36 BT & ki AR b BT 4T R A5, 3 BLE P BT AT ik 18 Bk A
i4r A S b R B3R L 4 RS Aa g Al 7 A H IS ih 4P AS .

3. RAIZRK1FTENERS, L PEISENER, PrREEERAFe4F
it = A BIBAS AP RS Rt &, TR B ) — AR B AP IR B R A BT
Y| B EBEY, FELL P EAKEAA 4B GIEL R A IFENG
3B PR B AP IR B W3R PR 42 B AR A6 P M iR nt 4 RAS, L AT
RAE 5 GLIEET G ik B PR A B4R AS .

4. BAN BRI TANARG, RVEMREV—ATREIA THKHY
FAREATE, ATEE Y —ARRE RS R LR R RE Y, ATk
8] S IBAL 4P 1S B B 2 89, I BLAT iR B3R5 i 4b 1A AT 14 3T ) 6 18 Bk
7 Bt 4PaAS K AL,

5. RABRK1PFRMEL, L+

FERT G B BRI SR IR, AT BT @b iB AR A B4Rk B b 32t F AT ik
WL B AR RARRT AP, Q3T A NGB A RS, AR

EBBAANGNE, TR E Y —ANEIB 4R E BBt 7 A7k 538
15 RAERT4Y, PTR AT @b 8 AR A B APIR B 82 AT R S4B A5 ) S R 3E
BE Y, 2P AT BTG k8 AR A B AT AR I 89 BT R AT 5 R BT BT A ikl B
FeAs, F5 PR KIE A RS ARLE A VA A KBS R R AS .
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6. RFIER 1 R ARG, FHP4AATE S ANEIRA T GEF—A,
Pk B o —ANEABZ 4P R B % QIR R4 IR B R,

7. RAER 6 M AL, KFHEEY —ABBER T 85
BIARILRR B, FTRARR R B MO A 6 SR B W S A SR T 4
155 3 BLfir th R AR E T/

8. BRAIER 7HAMNAL, AVPAEAE) AN EELNHERE R
R @AM E, At S BRI AT/RABT, Wrd FEME
{Lit S tats .

9. RAZR 8 TN A%, KV ATET/MRABFAEGAEALITHE
AT R A TR 49 3K

10. RA|BRK 8T AL, HPATAE Y —AEIB/LN 4Pk T B35
L OFEAE R, it e B PTR P 8 BB 45 0t 4P A5 An 2 BT BT @) ik
BB A BT AR I R BB TR T b, o BT T AT G B BR A
B 4v i .

11. BRAZK 10 pride &4, VAR E ) — /AN T4PIRE &
BRAT QLIERT AT AR AE IR 38, P73 Bt 4T AR 28 3R o, BRI AT i e ik B 44 #ar
B A iR B4k B 4 BB AP 5.

12. —Frit EMTENR, L ELAMA RS, SEAAPE/TH, £
1EIFT R R R Re—Fr IR T &, TR F R aE:

WG E LB IT4PIETE R AF TR TREREIEAHENITE
B bR R 4P aAS; AR

NGEEY —AEKBALAIRE R UAZTH FRERFHAENK
FEls RAET AP RAS, A b i 3845 RAEB 4P A3 L35 AT a7 @) ik 18 AR
RAERH 4P 1R A5 Fo o 18] S4B AL RAEBH4P R4S .

13. BRAZR 12 TR, ETYHAMRRGEAGTREFELEQ
#: YU GATR A G k8 PR BT AP B R BT, 1% B8 PT IR AT &)k 18 AR BT
APtk B 38 F BLEZOE BT 3B a4b ik B BBk,

14. BRAZR 12 FFEMNR, PR RGEARGTRFT ELEQ
3% LB GATREIERAPIRE R, Bk AR ATk B R T4 E &
BB ELAE 6B PR S AR W AP IR B B 5%,

15. BRA)|BRK 12 BFRMANR, EP ARG EANITRAFTELE
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& B RGIBATIRE, MRARATA AT LB AR B AR B 85 LR IR AR
BT P B 03, ARATAT IR B IR A RAF O A 1R A5 SRR AT 4 T @) L AR
RAFE 1R AS.

16. A EK 12 FFESMR, P hAMERAERGIIEFELE
¥#:

BEFFR RGO EEATRRRRRE ) — A4k E T4, AR

FENGEE Y — N HBELERAERE 03K,

17. RAJER 16 BTSN, PR E S —AaH4Pk 5 F4 a3

AATEE Y —ABENEE LR L—RINERZBTITRZEY
A 18]

QLA E Y —ANEBEA IR R LR RSN TRHRE;, AR

QIR E Y —ANEAE 4R E D6 R S Ik BIKRE.

18. —FHERGTABEENFTE, AT X

NN A LB T4RE LB UAAETR FTREREHAENTTE
1% 38 R o Bt 4P R4S ;

NEEY —ANEBAAAFRE R AAZH TRERAHAEGK
FAE R4, P TR BB RAEBH4T R4S Q35 PTIE AT &) L B AR A
RALRT 40148 Fa o 18) k3B 45 RAF B 471045 .

19. BRFA|ER 18 BT dy 7k, L QIE: B %ATE A&kl bR Bt
PR 50380, 4% g8 BT IR AT @) i 38 AR B AT IR B0 58 F B2 E BT B3R BT
LY RN

20. RALER 18 Fridydik, £ & HINAFMEAHZERHKE L
0, Bk AT AT @b AR A A IR B3 AR AR AT A BB AR B R
#.

21. RAIRR 18 ATk 5k, Lo ERAEAHE, REME
B G AR A AP IR B 25t LRk AT IR IR B AP R B B 3, ARAF AT R
B KA BT P40 A SRIR AT L AT @ L AR RAFR 41 1a A5

22. BAERK 18 Tk F ik, L aLis:
EFTiE R G HEATHERR E Vy — A4k B4, AR
TENGEE S —ANRKELAHRE B,
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23. RFAIEBR 22 Tk F ik, XPATEEY — A4k A FH a0

AFFRE Y —ANEEHAFERE DB L —RINSRL2ETHEZEYN
B 18 ;
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Frik 2 ) — AN BB 4P R B B 38 69183 oK A&
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EV-—AEELLE, ATEEBMRLLZEEY —AN8BEET, £
o Bk ik i Rk RALB 4P AT AR RAE AT R kB Bk A2 S, S EE T
E AN B EIE RAE BT AP AR AT F AR SR IE BT AT A 6 304 BB 1% 18 AR
7 RAER4Y.

25. MAIRR 24 FTRMRE, K7 AREBIRAAET LTRSS
Ji b s K iE

26. BA|BR 25 FTRMEE, HPATEELSMAUE £ WLBRAFE
5 1 38 58 FoiB BARAE X ) 3k,

27. —FREEBEN TR, @i

EAESANR LR ZLBRAES;, AR

EABRNR LR ZE Y —ANEEET, L P RBEFREHRBIRALE
5 843% 38 Bk A RAE B AP AGA T — AN R AT AT R L8 AR A RAL BT 69 R
YA, JF B3 BT AP AL A kAt ot BTk £ — AN 3845 5 AT KA
8 E  — A 38 RAERT 4T,

28. ARF|BRK 27 FriR&F ik, R P REATRLBIRAE T CLIELEPT
AR LA SR E TR,

29. BA|EK 28 ATk ey ik, P ESERAEITAEERAIETE
Fl8 PR % 4 WAk R £ ik B AR A 43 5 A S Ao AR X R 43k,

30. —F A TFHREKBEHBEKE, 6
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W 343E QL3 AnE B, BT msk B A4 AT o 18] $ 4845 T AR A5 A B A AT R AT
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W, 343L L3S 4P A 2 iR 3, PR B4 AR 45 28 iR o BB A BT i A ik B 4
Brihf B x4 TR 2R E B AES,

41. —FH FHUEEG T %,

oh) B F A B BT G e BBk , 2B Bk i 4Pk B w382t F BT @ ik 1 Bk
o RAERAE; AR

FEE AT R ) 3 Fr B0 3845 RAE AT 4F vA BRI B8 BT 6y 1638 Bk b RAERT 4%,

42. BAIZR 41 B 7%k, L PRATE T E il Bk it4F ik 8 &
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i 4 aAS 5 T 8] AR i) AP R AR AR L5 A A A KRS Bt AT R A .

43. A ZR 41 AT F %, L PENNGNE, ATEHELE R
A8 3L 4 AR AP RS R AT R, BT B — AN KB AP R E B A
B 9| M- B R BE S, R B P AT R RS0 4Pm A8 s 5 R | ATRAT
%) 1638 PR B AP R B 3844 PR S AR 440 P B kiR 4 aAS, P
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44. BA|EZR 43 TR F %, XAPEMREY —ATRIEIATHK
SR EIEATHRR, PR B — A BIB 4Pk B R B IERE Y, Tk
¥R B ARAZBT 4P A B B R 8, JF BT KBS 4P R A PR BT @) ikid
Bk 7 Bt 4R A% L.

45. BAZR 41 k7 ik, £F:

FERTE B PR A D] Sh M, PR AT )ik 8 Bk P B4R B B st ik
WL BARA RALRT4Y, 5 A TG RBIRA B4R, AR

EEFENERER, AL E S — /N EIBAE AR R BT AT iR B3
15 RAEREAY, BT AT @)L AR B APk B0 % 72 AT 34 B 450 SRR AE
BB, F o APTIR BT @) LB AR A B AP TR AE 5 R AT AT @ s B BR
FhaAs, 5T RKEN A RBARLESUT ERBEAN RS,

46. BAIZR 41 Fr& Wik, FF4EATR S AN AR F 9 F—A,

7




200680031868. 1 B/A '} ok PBOET/ITR

Frid £ — N BB PR E L% QERBE AR E R

47. BAERK 46 TR F %, XYHHEEY —ANRBLAATERE G
B O FARLA R B, TR AR AT B3 A B BB Fe 20k B G k4R u
4455 L B R AR £ /A8 .

48. BAZK 47 BTk & F %, L PAEE ) —/ANEIBEL4FIRE S
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50. RA|BRK 48 PriEMF %, L PAARE Y — AN HBELE4FIRE S
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%638 Bk A AP B R I B W PTiEE T L, AP AR S i A itE
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51. RAZK 50 AriRddF ik, HPAREE Y — AN EBLA4TIRE S
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LEERF IO FTEREL

FARARR
AL R B Ao AT A G HATRIB A W 0K

FREK

MATENA R BT RAATRARBI LR X, AAHRE
GG RAMZ NS G T R FR BT LREE R, S8
BB OIBRTHRE, FOGESTRETEMEIE T, REAFREIABTRE
FETFENERDLSE (IC) T REEARRHK LK RE Fhebegrirsk,
PR RE R EETAESRRER — PR @BR(PCB).L. ALIFMFET
QRENRTARAE ARG REBEARFHEL LI A MRS
G (1/0) #a, —&k#, AFH 10 B TRMHEH
BATCR A Fo AT RERAF /0 B0 X E, Pt e Bt LM
ERAHRGZAR Y, AMERTEANRE. B ¥ aied BRAMERENR
FIRREENZANAAE, FIRAROEETHIIFIEThet. ARG
A BFAFZ 8] 6 E A BB R R UM E BN, T ME BT AR A H LY
TR S R AN, SR RBAFITVOE AT I/OED T
A X HAEF R, {2 A B,

B0 B AT AP E RN A T AR R A —H
BF4P R E 5 R AR ETAE L. EHGFRLBRAAFLEA K0
( per-line closed-loop timing ). RIESEILFE BT Bt KEFHATHRAD, EBF
#| R 8B/10B Axt HABHATRA, XA F HERHEMT FEF4HA
BT EAH, XRETHEFERST RAK,

BAGHFTRBAELE—E N NEERET (Hlde, EXKERFHS
MAAEBRAM#E (DDR DRAM) ¥, N TiXZ 8) #)F ML L £ 4713
T RLEIRA (strobe ). R THKIEBRFE 2 BARE, AR TR
Bl R F iExZ—: JeREBERAFAN TEEBHTRLEGREBDT F
ASrednt i), MBI B R 2 A B Zk @R HIE AT RAE, RE R
RAEMRA 5 LA BITRENHBBEN AT R0, NS Amuis b
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Kk BRAEEF —EZE, AEFRT S RIBRATRAE,

LR BFRFATEE T kP BAARE BT 40 AR foid 38 AR HEATIF
R Ak P A i R KR IR B, vAIA B SRR, A T BB,
BB TSR B RFERRF N EAE L T4 ETHLA
THEEH TS, XSS E R, XA IFATH R eS8 R AR
(R BEERANACLRKR ELEFASHE|EEHIE) RARFN, BR
BT RGEMZHTRAE. H5b, BKRBRESAIIEREFIRS, L
THe ARt -Hh#ATRE. E—EREFATY, HENMBELLARRE—
BRI K R — AR BRI, X T EREEFRAK.

W A BLEA
A 1 RRE-NEAFGLERRBR N ALY RS GER.
A 2 RARE\E-ANLARFGDE 1 HaRITE T ENRER.

AR ZHET X

FERFGRAE EHARS 10 F AR RN LS. #AT A TLEk
#e TR b, E—ANFRGT, RGEIHRMA AR IR UCT LB AR
HESAEANBELAL T, AR QW GRBRT AR D
%, A L BARA B AP IR B 0BT B B AT A @ i AR RAE RS 4
RERMMBAE, FTRBIKFHLOHES M RBELENHRE LR, &
B4R An AP R B3 T B B RS BB RAF RSP A RS RAR AR, JF
EART E it sB Bk B APk B B B35 5, R R AR IR R AT R
A5 RAF BT S IRIZ AT @)L 3B AR A B4,

KHESAB| G BAER LRAFLEPARER G FATRBRM, BREA
BERMRRGE MR RFHE. A—ARHGT, £EOPRRET
AR &, FTRSR D QL3RRS TRAA KRR FIHATRBBGLT ik, {2
A (Blded TR HRAE STRBEAT ) ROHEL BT STERARXRK
#E M Aa T4,

B 1 ZRARB—AEHFG RS 100 89— 0IEE . R4 100 LHEX
H R 104 FoBl BT 102. 24100 TARIEATIHHEMAZ LR E T £ %
KF A% BB RIE GRS MF 684, FETUARERG
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B b o g sk | Bl —Ep R AR b 6 R ) R B R A i i W 4 T8 AR
B3, EBAEXRSIT, PR RS GHHEREITEE. Ko,
% 100 TA R EME S, BAL5NKESEDDR) DRAM #1569 B
422 R T, {25645 TRTF ik,

T T RKIESE 104 HARKR RS, LIEHABRMBEL B 106(0)-106(N-1)
FA AN BEAR. E—ANEAAF, RER 14 LEE5HELE
DQ(0)-DQ(N-1)A8 X Bk i& B IR AZ T R AT G BT 4F (47ieh DQS). #KiE
A2 AT BRI MR 107 LA 2. EXRR QLRSI T, 8N
107 TAR —AR S AN KLY, PCB E L IETHMEC o MANT. KB
DQARBL A AL EE 104 T LB T 102 BB 98 1F
AR K L. AR, B ATF, WEEERAF DQS AHBKZE/ME

( toggling logic value) (101010...) 4B R £, KER 104 LELHEX
#%46482F (TxPLL) 108, £ 2N md 3, #ldw, EXRIFARLRB T
1% 7 PLL 4k A #2F 4. TxPLL108 VA &4n X T4E.

FREED 102 s X T4 PLL (RxPLL) 110.
TxPLL 108 #= RxPLL 110 #/4&4k 5% BF 44455 Ref Clk 109. TxPLL 108
dadr itk A A B 106 R4S RxPLL 110 &% S A 245 A
¥ AE4E DQ VAZRATAT AT & LB ARk 4E5 DQS # B 4PAa4LstiR &35 120,
KA T E i mbiik.,

IELBIRA1ES DQS hiEI B0 102 ¢4 R E % 112 (S)
FIK, 41318384 DQ P HE—A, Ik FHE 0 102 L @I L M R4PIK
A B 113 (4R E B 113 (0) 414 DQ(0), BH4PRE &% 113 (1)
42+ DQF ).

AT R AR QIELBIRAF Fe BB T H B THRBEKZER D
102 EEAHRAE, RALRAPE T4 F, AERKIRFITEKIET. H)
dm, B—ANFRAHIT, RIS T, AMEEMBREIENA KT
2 (AARABER) §F SHEERATRA, XEE S PRI R R XL,
FH A T RAFRZ T 0. 3T 6L EARA1E 5 FedkdB/s DQ AR BT
Frthr RAE ., B BET 102 PHR4ERE €35 112 F 113 493882
2T AT RxPLL 110 #8455 AR HAT AT, vAMERAF ST KR
ReG P, EFH ARG P, TARE AR R F R FATEK
RxPLL 110 ¥ 843 5 694845, VAR {2 AT & % L6 693803 6 R 5
);:
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AAARE BB 112 (S), WEALBERT DQS BAEARE 114
Bk, AAERRNSE 114 R B 403, HlobiRE, LRITBKESTHAE
Fo RALRT4P1E 5 W ARfaAa sbdR, S84 R ATIKAE S A%t T RAE B 4PE 5 2
FERW. A Ti— TR, K415 RxPLL 110 841,
Z 5, 53T aMaE X A B 4r At iR w28 120 KA T RS
W LFAIRAF DQS # P uxt . AR BE 114 H98 1 R 4T3HG/0H4F
Bl Rt /A48T, /AR TREAZRESE 116, BEE 116 THATA
TR R B 4 F /BB TR ER—ZHGBE Y. BRER 116 494
R ZAT G hARL TR 118 ArEld F/RB TR E. IATUSTF-/IE
FTHEERITRAY, REATHRAHAZELEY RxPLL 110 #4948
IR AFNFRBIBTRERE. B, AR TFEANF/RIBETRIAF
RxPLL 110 #r i 694840 8- 2 Ad4P43). Bk, F/BRd8 FHIRA—A
¥, Hle 32, 143 RxPLL 110 & 6948458 32 M8 T HH—K.

A4t B 118 H¥r itk 455 DQSPC, Hak#r A 2| ot4bAn{istil v
34 120, i% B+ 4P AR423E 3R 8,35 120 8% RxPLL 110 #r i #9328 vA 3§ RxPLL
110 i EF DQS 9w, E—AK#kH P, 4P R 4% 120 £
AR ER, 2EAF)RRT . W4ria1eER &35 120 BB KT &GITH
iF4745 5 DQSrclk, & Z 4876 8F 49455 DQSrelk #E A% 2| AR/ R
B 114, AL EESIT, DOSrclk ¥#UAY, A HLFAEK
DQS fE 58T AR R FMARFFE T, A, BRI SR 112
(S) AL LR BMAERT, DQSrelk 5 AT42IL DQS 12 -5 A8 LA AR R B s it
RF|—AFHH, PRI EHE 112 (S) EBAEMB DL R,
MRS B FHER RN GER 112 (S), FrRE LR FHERZIFRE
8T A 44155 DQSrelk EF DQS (Al e @8k 4155 ) eh3iEmnR
WP PTE 6. K F LR Y DQSPC 55 AT, —ER4PKE &35 112
(S) #IN%FHAEKMFT DQSPC 125, W4rikE v 112 (S) st
AEB|RikB R34 116 4 DQS A 412521k . DQS % 4125 LA 1% DQSPC
fE 5 RBFERBZMANER.
413t $ B2 DQ F WA, BB HE D 102 L QBEHEER4REL
2% 113 (0). 113 (1) %%, £33 113 (N-1). A—AF#kb¥, HKiE
{EFAPRE w38 113 ER4PIRE R 112 (S) HI%NE G A% DQ *
S, ER4PRE R 112 (S) EIGHRBLEZE, W4k
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W3 113 A 5IB 4P B R R 4 R ARE 4. AR AT R BB 2] %
Wi, BAERARE B 113 ¥ F—ANAETRAEUL R RxPLL 110
Gt e d TR BB THEBERZ N GMAEE, EA—AEEH
¥, A4 B 112(S) 899 S M- BLAT 4 2 694845 R P (3 DQSPC
1Z5 KT ) BB B4R E B3 113 AT R 69484 k.

AEu4AFEE BB 133 (0), #EEF DQ (0) HAEAR B LB
114 30K, A F4FRE 4% 112 (S) AREY, AaARE w3k 114
fiar il TR AR BRI 116 Bk, R BB 116 ¢4k dAR{sit
A 118 B, ALK E 118 #4125 DQPC (0) #ri ik & 122.
ik B 122 B4R A B BRAF PR A 3 112 (S) 49 DQSPC 5,
¥ B P I 8945 5 AR AmA = A B AR45 38R 9,38 120 9% A\ DQPC 125
£ A4 iass, HiieE] DQSPC BH4biass Lk & £ HiE 4P RS1E
5, EEEEARBIETRENAZ AL R B3 120, Ak B 122
B aT4bAn st iR B34 120 B4 AFE T T RxPLL 110 ##ri B ik st iR 64
. W4PAafnatiR b s 120 fdrl R A TR DQ (0) #92Kk F aT4t
155, R DQrclk (0).

HAKE AR E % 113 A2 TRV B 135 DQPC 42
5 F2 DQrelk 155 . 4raRE RH4PIRE 3 113 89 ERBETAR A A
RERF AL L, SR KEETARE SR 113 &V %5, EAN4KH
DQ # &4F58.E, B HE4PRE 93 113 BT A44SR 113 4
DQPC T 5 A AKXE.

EEFHAGRAEY, S048KBE T 102 ¢4 L£ETH, B
B4R E B 112 (S) BRMEEEF LG diEsT. Adm, ©% 112
(S) ¥4R4EE 2 LAY DQSPC, 144E DQSrelk FIFAMMBIE TG L
WARF (DQS) ¥, F—F &, BRI CURAETT N RGEEK
BARFELE, 22, BAFAMKER4IRE L8881 DQSPC, HH
AEIEE (A DQ (0) 2] DQ (N-1)) RAER 478915 5 894842 A P R
AR P ASRIZAEAT DQSPC A K . 338 B M3k Iz AT &) L@ Ak . R BP,
B FRIEAA] GBIk & f G RSP —RA 3, BB AR @@ bR
b—RBF. XRAKEY, BAFNEBERE T GLERAFHLE (K
FABERE T L@k A S A RN X R RAV LR
#I38), FHREMNE—NRI| QR RGBT, AA2EEMNGX
A KT,
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B 2 RARBE AN RESF G IR AeF %k 200 HFLE, 1555k
HHETARE 1825347, £202, ZGmiedk, HEhmikihdEs
—35, BN E LR AR R, SRR IERATRE B, o
FE 204 BT . 4 206, ATFRT &k BAR A BT 47 B B9 3838 474 #4 £ DQSPC.
kAT ATE, ¥ DQSPC #4EE T1& o4 Aa4s 2t iR o, 3444 3T ) ik B Bk R
#8t4F DQSrclk E T AT BT @b @ Bk KIBR A P BT, HAZ
DQSPC. E—A R4 F, AT @) ik 8 bk KA 4F DQSrelk £ 4 i% PLL.
RxPLL #93£:R #rit, % RxPLL #0804t E—AE#h6 P, 1AL
WA AR E ARIBEATTAZEGHE (Flde, —EF), HFRZEH
B AR A R RVARAZ DQSPC. JEFH —AF#hHF, Wit aB (k)
i RATH 4 2 DQSPC.

L#Z T DQSPC, HibaT&:kili bRy Bt4Pik T %, FHisbddget
Ak E B3, dofE 208 BT R, JE 210, EATHBE4APRE LB LB ZEAN
DQPC. Wi A%E 1 Ak, AiEHENAIREN%4NE, DQSPC #&
B A DQPC AofLit 4 Bt k.

L2 T DQPC, FRAELI k@A oT4Pik T 0B, 2R
BHAFIR R 038, dmfE 212 BT, KRB 214 HATER 0 R 5434,

ERE 6 E845F, EEFBREDNE 4R L E4TEII R AR
SRR LR E RGBT ERTS — AWK, Hlde, E—A%%
B, eR—AREAN DQPC EATRZHKEHNHTH AR (Hlo—FAR
#) AERAKRE, MEELE 208 FHethplhidsE. £F—AEkbP,
EABIKERY 102 WAL T RANERSRY HiK, Akl
], BGHRFRBA A T, EXAGREH P, 5 RTEREZ4
BB FH, ARG — AT R RIE R ) A AAIRE# % (DDR
DRAM ), 3t DDR DRAM sk#t, A&7 8 ET A A4k 8 E4.

ERR W REs P, @il 5 E ARG NRPATA TR BB H. T
VAST AT 4 2 BRAF 45 2 B350 X AP MR (behavior ), 1EAF3R4F69 A P T vA
B BOR ARG AGMER, TR HRGHTRA TRIEZLHLY
8. B FHATE AP B 29| 45 49 TR F B 1) vA BAR e B4 (o RA H93E )
B4R I .

EXEAFHERI IO T ERRGY RO —FERL, ZAL
O EV—ATREA TLESZAMN RS $AMKELAA LN TEG
BRI GG, 2V —ATREA THEKSEMETHHM. E—ANEHK
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Bld, PTiR BV —ATEE A THIKGFF 08 iTe LB at4rikE
Wi, TERIEA FAFTEORERF RFENARGRERAE; AR E
b — AR BHAP R B B3, T Be B A T 3R RAR R4 AR B M
WA, LR E Y —ATERER TEIG R GETHRATG L
B ARA B AP IR B BT 5, FAE AT SRS R B 4P SR IR AT ) a8 AR
RAFBT4F.

FE—A- L8 % , BT 6B AR BT4AP IR B BB HE T adEiT®
BB BR A B RAS, H LA P AT & i AR B4R 1R AS b T 8] 23845 B4R R
FARLE VA & B RS it 4R A .

B—AEAF, EPNNENEK, e RAE4PE 1T & 4 Bigs
it4ria A kst F, ATiE £V — AN BABALAHARIR B BB T E D] S B
&6, LA P AR SRS at 4P A4S GLiE S sk A AR BT G kB BR AT BT ATIR
BB TR S AR AN b A KBRS, YR E T aENS
%38 R B 4R AS .

E—AERGP, EFFRE Y —ATHIR TN GETH
B, Frif £ —AEBA AR E B R IEREY, AR P 3B 45 4P
Ta#s R B 2 Y, 3 BLAT i 3845 i AR A5 AT 3T &) i 18 AR A BT 4P R4S f
b,

FE— LB T, EFTER B AU, PR 3T %) b8 AR w4
W B, 34 5F TP BT 6y 38 Ak o RALET 4T, €38 F A ATk B AR AT B4R
#; ABREBAESINENE, TR EY —AMEBEN4RE BBt F ATk
A5 RAFRT4F, PR 87 &) b 3B ARk A BH4P ik B 38 P B3R5 4R B
RAEBE R, H P AATIE AT G 8 Ak BT AP M AT R E 5 R AT AT B ik
WA R, 5 RKE AP BB A A A KRS 4P R AS .

E—AERB T, 457 AR FHE—A, TR E Y — A EEE
B4k B W L35 SRS BT AP IR B B 3%,

BN T, L PR E S — NI4T R T B QAR R
B, ZAEA R BN GBS KT G EE R4S B
RTAEE TR

E—A TP, FR 2 ) — /A 4545 040k 5 0 383F Q3415 T3
B, EAAML KB RIT T, Bl P R ES A RS

ARG T, /08T b BRI R A TR 5.
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B—AEHRST, HEEY —NEBLAHRE LREQENESR,
E ek B F 8 SARAL B A 1R A5 e B AT € 2 B AR P B AP IR B 3K
#fE5 E, L ArRES i@ @R i ats.

FE—ANEHRHF, R E S —AIEA 4P B 4T 30 4P A4
R W38, AP R R B sk B B A Bk E KR
Br4P4E 5,

FH)E QIE—Fit FAT AR, K LAMAIS, SERGLTIE
7ot, R R A b — BB T &, TEFEHOIE: Nk
%3 38 BR P Bt 47tk B 38 vA A R ) T3 & RAEHE A B 04 BT @i @ Bk oF R
o4 ats; ARV S%E Y —ARKBELERARE BB AR T FREEAE
KB RIS RALRHAPRAS , 2L AT BIBAS R AL BT AP RS LIS PTIE AT
)31 38 PR RAE BT AP R4S o o 18] 3815 RAF BT 4P 1075 .

LG T, HATRRG TR ITEF EE O B %ATERN
#3538 R AP IR B B4, 48 SR AT AT @ sk B ARk i AP IR B R R LB
Ak PR BB R AR YR B B3

E—ANERAT, TR RGEERNITET R QY BI%ATEE
AR BB R, Bk AT T ik 18 ARk Bt 4P ik B R8I HLAE B AT R K
EEHAPIR B B3k,

E—ANEHRHF, TR RGEEANTEFT RO ERAGEA
], 48857 BTG LB AR A B4R B R B B2 BT R BB R R AL R
3%, ARATATIESARAS RAEN SR AS SRR AT & 3T & i 8 Bk b RAERT 4145 .

E—ANEHHT, TR RGREAGTEFT L0 EMERAEYN
BATHR AR E S — 4P IR T4 AR EZ W% E Y —MRKBL 4
W E B3,

E—ARRHE, HEEY — AR LEHOE: BFRES—A
BARA AR B — KD AR B T RRFHN A GHEARE S —
A BB AR I BB A G RRE; A QIR E S — AR
BEAP IR S 380 A S 16 RIR S,

FARSIEQIE—H AT RBIE R, FHEF R Gl I
2 8 B B AU AL 8 A A ) T 4R KA B T & B B B
Srldb; W% B Y — A BARAE AT R S A 2 TR RALHEA L o
AR RAER AP RS , 2ooh BT iR AR RAE R AP TS 456 PR AT & T AR
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7 RAFRAb A AS Ao o 18) BB A5 RAF BT 4T RS

—ANEHH| Q3 B GATIR AT A LB AP IR I R R, RARAT
AT 6 08 AR B AT IR B B 385 AL AT R AR AP IR B

— A RS Q3 BPGATRKAERAPRE SR, BIEPTR TGk
8 B A B AT YR B 38 F LA RE AT B IR BT AT IR B B3

— AR QLI R GBAT R , 4 46 AT R AT Gk i AR BT AT IR B
345t BBk PR BIE BT AF TR B3R, ARAF AT BIE A RAF BT 4T 4R AS SRIE AT
AT @) 8 AR RAFB AP R4S .

— ARG Ot EERAHBTHARRNEY —AHREF
f; AREZNGES —NEELR AR 0.

B—AE#RST, FEES A REFHOE: AFRES—A
BB 4P R I b E— RN GR BT T L KN, QFEMEES)—
AN BB B B0 R A E IR ARATR R — AR R4
W BB IEHERE,

RRGIEOFE—FREKBENRE, 03 SBRFETLEE, A
FEARAN R LR E R BRAET; AREV—AEELESR, ATES
WARLLZE S —ABERET, PR LB RAERSPT FA
R RAFTRSEEIRAET, AT E Y — ARl B s KA AP BUT 7
VAR BRIZ AT 2 S 64 Bl BB B AR RAERT 4.

B—AEHS T, BERAFETEARNR LERBLE.

BE—ARAG A, &4 AR 4B T AT GHEATERK
1B Z 8 443k,

KA&VIL LIE—F L ERKIEN T %, O3 EERANR LK E1%E K
HET; AREHBN R LLEE) A EBRET, AP RFLENSR
i8R A5 T 4G B AR A RAE BT AP HBOR T — AN kot AT A 8 RAFBR A
B 4P 69 AR, SF B b AT R RN AEIE A R Fa TR E S — AT
HATRA E ) — AR RAER 4.

B—ANEHRG P, LR RBIRAE T AHAERNR LEELE S
WA,

BE—ANEAG P , & 4 K TR B BR A AE 5 QAR PR i Gk
RE G RBIRAF T EZE ST BRI $ 3k,
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EHH)T CIE—F A RIRBAR GRS, €485 LB AT 4P
W B 3%, TREM T FAratBakr RAFR4F, ARE ) —AHEL
h4P Y B 038, 7T Be B A T AT A 384 RAL BF4F oA B AT AT 673 38 Bk
4P IR B B RRIAT T, TR E J — AN RIEALR B BN AT R B 45 RAF
Bt4r e B R ALIE AT 9] 3R 9% AT 34 3T 6 ik i Ak A RARBT4F.

B—AFEEH) P, INFTE AT 6 LB Bk A B 4P 83k K PR 1E 5
QLIEAT E LB AR A B 4P RS, S B AT AT G LB AR B 4P 1S 5 F 1)
BRSNS A RN R4

BE—ANERGIT, EVNGERE, FTREKEE RN 4P 4 KBS
Bt4bdaAs Rt 5, BTk £ — AN L I 4P B 0 % 28 AT i 91 45 - B8
&y, St AL AT BIRALN 4P RS LI E R A AT AT G B AR B AP
B QR ATRZ S ARG A6 P R BRI 4P A, K ATRE T AT h
% I8 Bk B AP R4S .

E—AFEEGY, EFRES—ANTERIA TR HETH
8], PTiEEV— AR E R R AERE 4G, AT P RSB43 Bt 4F
TS R B R 4, I ELATIE S8 A5 B 47 1o A5 LT £ 3T @) i 38 Bk B 47 148
ik,

BB T, EATELBIRA D B, PTRATE LSRR A B4
Y B0 3Bt 7B AT ) B AR RAFRSBY, @467 £ A m LB AR i 4R
% RBREBBEY SR, FTEE Y — AR AR T Bt F TR
BABAL RAERT4F, BT R AT @ B AR B AP 4R B0 382 AT i S ALV R BB
AR, F b AT LT LB AR B AP BR8P AT 5 R AT AT ik
B RAS, RGP R KERARBAL AU ERELTE RS .

BE—AREHT, 42T R S AN BBEEFHHE—A, FFRES A
PALRT AP IR I b 34 QLSRR R 4P IR B B3,

AE—AREHF, FFEES —ANEBERARE LB Q341540
B, FridAR A B B PR AL 9 B AR5 A 2 R B S AR R 4P 42 5 9 Bl
ETARL £ 6T w.

BE—AREH T, TR E S — AR 4R T T At
B, PRt M BRMATET/BART, B b A BB R4 RS .

E—AEHRSF, AT/ TG ATEARL B BT BRI
.
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E—AEHBIP, FEE Y —ANRIBEARE BBE Ok B,
FIT 32 e i B3 P48 o 18] AR A B4 4 A5 A B A BT 3£ 3T 1) 238 Bk o B4 4
F BB ITRET L, EF AR5 @@k i 4r RS,

E—ANFHRB Y, BT E ) — AR AP IR B B B3E G350 444
IER B, B & AP ARLL 3L R b BN ATE An sk B M ELE A BTk 2
W E M BB R4 5,

REVIIE LIE—FA TERKEENF &, @i AL TEKI T
WA, BRI AR B R34t F AT Ak AR RAERT 4, AR EEAT
57 18] 5 F- B 4B A5 RAF BT 49 A SRIZ P 3R AT @) 18 38 AR A RAERT4F.

FE—/A~ 68 , IFT R AT &) 218 AR A B4k B b 420 09 AT 4455
QIEF QLB AIRAF BT4Pa45, LA AR TG LBk A 45 + |
B ABA5 BHAP R AB AR L A VA JE A BB S B4R AS .

E—ARRGIY, EIGHR, PRSI RAER AR > 4 R4
B 4P AS Rt 7, BTk 2 — BB 4P TR B 0381 PR ) 4R MR
&8, B P AR S35 a4 AS Q48 Sk f PTIE AT &) ik BR A B4R
B R BT T AR A ) F A E B4R, EP MR T ENG
68 Bk A B AR AS .

E—ANE#BP, ERREEY —ANTRER THEIKGR4KETH
/], Bk £V —AEAEE 4Pk B R R AESE S, PR IR SdB s i 4
1A% R B R4, LT S35 BT 4710 A5 RLAT i AT @) 1 1B Bk o B 4P e A5 @
L

LG, AR EIRT D % UE, FTR 3T 6 k8 Bk Bt 4F
Vi B, B 5t I PR BT @i B Bk A RAFET 47, GL3E= A AT A kB AR BT 4R
#B; ARESBBLEINENER, FFRE Y —ANRIELN4PRE @B F AR
B As RAERT4F, ATIE AT @) 2538 BR AP BT 414k B 28 75 P iR AR5 )| SR M-
R AEBIE S, H b APTIE BT 6) ik 38 AR A BH4PEIK A9 PR A2 5 R AT AT @ik
BARA RS, 5 RIKIBERABSARLEALF A KBS 4R,

FE—ANE#RP TP, 45T Z A BT EGHE—A, FTERE Y —AK
FEALI4APIR B BB I HE LA IR E w3,

E—AERHREF, FFEE Y —AMEIBE4IRE 0B aista{iibR)
B, PR AR A ) B AR A Y BB A B R B M B IE T 4PE 5 B
A TAMEE WA R,
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BE—A TR T, BTiEE S — AN BB AR R B 384E e dEAndait i
B, et R B RBATRTRAET, S F RSB RAS.

B—ANRHHIY, PTET/BRIR T & AT EAR T B E AT A
R .

B—AZHRGT, TEEY —NEFELRHRE R LEOEMESE,
P32 ik 38 3 P & o 18] S Y8 A B BF 4R A5 A B AN AT 3£ BT @ 20 38 Bk o B BF 1k
B BB E| N TEE T L, LTRSS @i @B AR ARt .

B EABIE , HTRE S — AR R AR I S E B30 AR
SER I, FHR ARG R BB AT sk B b B FTR
WIS BRN A S,

VA LRG3 69 KK O 695 & T A AR B BB P AT —FF P &4
HERFER, FARLROELRRTTHAEZSA (PLD), LA BHTH
FI11%7] (FPGA). T4H#AEM7|FHE (PAL) &4, €@ THEBEZHEFA
B fet FIFAE AN BN, ARTALEREE (ASIC) felb 44
BREHE., RAALAHFT TG —RRECTHRECHE: FHAAMSE (dT
BRTHEREAMB (EEPROM)) “HEH B, SAXMLEE. B
. RS, eh, KRERGH G TAAELA A F ikt 6h w842 69kt
BH. 2338 ORFNHRESY). Z4B4. £ (41) T8, &
FBHABAATA LB F AV HRASRER. SR, ZARQGBHEKRTU
AESFHFEEBRRE, AL BRE LB FIFARGEEZAKE
(MOSFET ) # K= E4b2 B &M F 4K (CMOS ). RBBE AL 4
B84 iE% (ECL). RAMWER (Hlica iR oMt BLRESY
B RN ). BERASBRE.

RIELTFXRAARAAEZR, T, EENAAHFRBRAEZLFF,
FCOEFEABRBBEACANETARRHFRYRFTAHES., L3R
W, ROLEEARBRTHEL, ALK IKNENLL A OELHKIE
BHHE. Fb, AR, “ETXP. “CAL”, AT FR X NE
Bt433, BATARYIRE, HGEEANARY H O RERY HGEFTH 2
2. BECRATRAARESRAG TN, ZPEABLET ZAGHAATR
B FRFERGET—A FHFERGLRARTF 7]+ A GE/TH

A

2 o

AL BT B T RL A RRFIGHATRA T FERERLAR
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H R FTAFHERBX. REAHATHANB 4, ARFBET REANGKZ
LG F T, EERARBEARAAR KAIRE], ERZAGTEAB#TS
FHERBRRTELY. ARBBEYRALANEETALATLECEA L, @
AR Tk LA H @3B H AR RMNRLE R DDR DRAM # £ 4.
B #6328 04 B FF BRAE T A E B FP S AR R M F 5256, SFET AR KRB F
iRt XA, B, BRAWBAEATREERE, BREAA—/N2F
B A T Rs| X Here by

HE 73 9 B F , R0 BRAF IR G T) 4 — L R T A
AT, BAap. €. FHEE. BHLER—LLEREF. A
LR & TR 54 6 IR Ao AT FT AR A A RAR 5 ST 0 KA. T A
RAE A Ef ik ot AR A AT SR E B E.

WY, AATHRAZRF, FrRMA G AREREMAER AWK ATEDR
S IE Ty ik Ae B G IR A LA B AR R b BT 4 R K4, f i
WIBHEH QIARBERA 2 R RBTAXERBAARAL BT E RS, B
s, FTRF kA RGRZATEATFHBRSE, AR, ATEERIT &P
AL RERTEHRARRATHAL.

RERATARREYGF EFREENXEFTHARATAEERAZR
B XEI, 2R EAARETHERFHNERHBXMET TS EAEE
HEANFE. Blde, KERTR T kAR B 8—AF & 7T eABAGE 4 vA+t
HAATTRAR £ 56, 122 E 47 & A £k 3+ EAT AR L.
B, ZAARGERIEAYIHZEHE T IR F) R GARF], hétst
ATFaEme T Ef LT O CF G e RTXHN I F|E R
%% X.
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1 2 it 4441k —_-202
y
AT R B AR AR
FoA o B4R AL 204

BATH CER M HHRIRRAAL L 906
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