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(57) Abstract: Various memory devices (e.g., DRAMs, flash memories) are serially interconnected. The memory devices need their
identifiers (IDs). Each of the memory devices generates IDs for neighboring memory devices. The IDs are generated synchronously
with clock. Command data and previously generated ID data are synchronously registered. The registered data is synchronously
output and provided as parallel data for calculation of a new ID for the neighboring device. The calculation is an addition or sub-
traction by one. The IDs are generated in a packet basis by interpreting serial packet-basis commands received at the serial input in
response to clocks. A clock latency is controlled in response to the interpreted ID and the clock. In accordance with the controlled
clock latency, a new ID is provided in a packet basis. In high frequency generation applications (e.g., 1 GHz), two adjacent devices
connected in daisy chain fashion are guaranteed enough time margin to perform the interpretation of packet commands.
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PACKET BASED ID GENERATION FOR SERIALLY INTERCONNECTED DEVICES

FIELD OF THE INVENTION

[0001] The present invention relates generally to serially interconnected devices and
in particular to an apparatus and a method for generating a device identifier (ID) for serially
interconnected devices, for example memory devices, and to an apparatus utilizing such a

method.
BACKGROUND OF THE INVENTION

[0002] Memory systems on system boards are designed to incorporate higher
density and faster operation due to the demands of applications that operate on the system
boards. Two design techniques that may be employed to incorporate higher density of a
memory system on a system board include using serial interconnection configurations such
as daisy chain cascading and parallel interconnection configurations such as multi-dropping.
These design techniques may be used to overcome density issues that relate to the cost and
operating efficiency of memory swapping between a hard disk and a memory system. Multi-
dropping has a shortcoming relative to the daisy chain cascading of memory systems. In
particular, if the number of devices in a multi-drop memory system increases, delay time
increases as a result of a loading effect of each pin. Moreover, the total performance of
multi-drop configurations is degraded by wire resistor-capacitor (RC) loading and the pin
capacitance of the memory device.

[0003] The use of serialized port connections on system boards has become
commonplace in electronic products to reduce interference noise and to reduce board
implementation size. The device identifier (ID) assignment of a memory device connected
in a serial configuration has been performed with additional pin-by-pin connections to Vdd
and Vss so that an ID number can be easily assigned to each device on a cascaded chain.
However, this approach requires more pins to make a hard-wired ID number on the system
board.

[0004] U.S. Patent 5,404,460 granted to Thomsen et al. on April 4, 1995 discloses
the configuration of multiple identical serial /0 devices connected in a daisy chain fashion
on a serial bus and the generation of device numbers. In the configuration, at power-up or
reset, the end 1/O device configures itself as Device 0 and provides data to the next device
to configure as that device as Device 1. Device 1 provides data to configure the next device

as Device 2 and so on. As such, all devices in the chain are assigned a device number.
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Therefore, all devices are configured to unique addresses without additional external pins or
intervention by a system controller. The data is transmitted in a six bit packet. The first
three bits consist of the start bit and two packet bits which represent command. The
following bits are used as ID bits followed by a stop bit. There is an optional bit. Due to the
sequential serial stream on a daisy chain, during one cycle, packet command input
processing and the generation of a new command for the next device needs to take place

within one clock cycle.
SUMMARY OF THE INVENTION

[0005] A serial link in a device, such as a memory device, may utilize a single pin
input that receives all address, command, and data serially. According to embodiments of
the present invention, there is provided an apparatus for making a serial daisy chain
cascading configuration and for controlling command bits, address bits, and data bits
effectively through the cascading configuration. By providing a serial daisy chain cascading
configuration, the embodiment advantageously obviates having to employ many pins to carry
data. Moreover, the technique enhances bandwidth due to less interference among data
lines which typically occurs in systems employing a parallel data connection of a memory
device at a system board level. In addition, less noise enables high frequency (fast)
operation at the system board level to be achieved.

[0006] In some embodiments, the IDs are generated in a packet basis by interpreting
serial packet-basis commands received at the serial input in response to clocks. A clock
latency is controlled in response to the interpreted ID and the clock. In accordance with the
controlled clock latency, a new ID is provided in a packet basis. In a high frequency
generation (e.g., 1GHz), two adjacent devices connected in a daisy chain fashion provide
enough time margin to perform the interpretation of packet commands.

[0007] According to one broad aspect, the invention provides an apparatus
comprising: a plurality of devices in a serial interconnection configuration, each device
having a serial input connection (SI) for receiving serial input data and a serial output
connection (SO) for providing serial output data, at least one of the devices having a packet
based processor for receiving a first packet containing a first ID (device identifier),
generating a second ID as a function of the first ID and generating a second packet
containing the second ID for transmission to another device in response to a clock such that
there is a time gap between receiving the first packet and the transmission of the second

packet.
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[0008] In some embodiments, in respect of each device having a packet based
processor, the first ID is established as the ID of that device, and the second ID is to be
established as the ID of the other device.

[0009] In some embodiments, in respect of each device having a packet based
processor, the second ID is established as the ID of that device.

[0010] In some embodiments, each device comprises: an input/output data
processor for processing serial input data provided through the serial input connection, and
generating serial output data to be sent through the serial output connection, the second
packet being provided to the other device through the serial output connection for the at
least one of the devices.

[0011] In some embodiments, the input/output data processor comprises: an
interpreter for interpreting serial packet-based commands received at the serial input
connection and for providing an interpreted ID as said first ID in response to the clock.

[0012] In some embodiments, the input/output data processor further comprises: an
ID generator for performing a calculation based on the first ID to produce the second ID.
[0013] In some embodiments, the ID generator comprises: a calculator for adding a
predetermined increment value to the first ID to provide the second ID.

[0014] In some embodiments, the ID generator comprises: a calculator for
subtracting a predetermined decrement value to the first ID to provide the second ID.

[0015] In some embodiments, the interpreter comprises: a serial packet interpreter
for interpreting the serial packet-based commands to provide interpreted packet commands
and for further interpreting the interpreted packet commands to provide the interpreted ID
[0016] In some embodiments, the input/output data processor further comprises: a
controller for controlling a clock latency in response to the interpreted ID and the clock to
provide a clock latency control signal, the clock latency control signal controlling the output
of the second packet such that there is the time gap between receiving the first packet and
the transmission of the second packet.

[0017] In some embodiments, the controller comprises: a clock delay element (D-
FFs) including series-connected selectable time delayors and a selection circuit for selecting
a combination of the selectable time delayors, in response to a latency control signal (CLC).
[0018] In some embodiments, the controller further comprises: at least one clock
delay element that does not require selection and introduces a fixed delay.

[0019] In some embodiments, the command interpreter generates the CLC.

[0020] In some embodiments, the input/output data processor further comprises: a
packet output circuit for outputting a packet based ID in accordance with the second ID, in
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response to the clock latency control signal and the clock, the packet based ID being

provided to the serial output.

[0021] In some embodiments, the device comprises a memory for storing data.
[0022] In some embodiments, the memory includes a DRAM, a SRAM or flash
memory.

[0023] In some embodiments, each device further comprises an ID register for

storing the first ID, thereafter the device being adapted to treat the first ID as the ID for the
device.

[0024] In some embodiments, the apparatus further comprises: a control circuit for
controlling operation of the serial interconnection of the devices, the control circuit providing
the latency control signal to the selection circuit.

[0025] In some embodiments, the plurality of devices comprise first and second
devices, the serial input connection of the first device being coupled to the serial output
connection of a previous device, the serial input connection of the second device being
coupled to the serial output connection of the first device; the packet based processor
comprising: an ID production circuit for producing the second device ID from signals
received at the serial input connection of the first device in a packet basis; and a transfer
circuit for transferring the generated second device ID in a packet to the second device from
the serial output connection of the first device to the serial input connection of the second
device, packets containing IDs for two devices being non-overiapped in time.

[0026] According to another broad aspect, the invention provides a method for
generating a device identifier (ID) coupled to one of a plurality of devices in a serial
interconnection configuration, the one device having a serial input connection for receiving
serial input data and a serial output connection for providing serial output data, the method
comprising: receiving a first packet containing a first ID to be used as a device identifier;
generating a second ID as a function of the first ID for another device; sending a second
packet containing the second ID for the other device, the first and second packets being
non-overlapped in time.

[0027] In some embodiments, the method further comprises: interpreting serial
packet-basis commands received at the serial input to provide an interpreted ID as said first
ID in response to a clock.

[0028] In some embodiments, the step of generating further comprises: performing a
calculation based on the interpreted ID to generate the second ID.

[0029] In some embodiments, the step of performing a calculation comprises: adding
a predetermined increment value to the interpreted ID to provide the second ID.

-4-
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[0030] In some embodiments, the step of interpreting comprises: interpreting the
serial packet-basis commands to provide interpreted packet commands; and further
interpreting the interpreted packet commands to provide the interpreted ID.

[0031] In some embodiments, the method further comprises: controlling a clock
latency in response to the interpreted ID and the clock to provide a clock latency control
signal, so that the packets for two devices are non-overlapped in time.

[0032] In some embodiments, the plurality of devices comprises first and second
devices, the serial input connection of the first device being coupled to the serial output
connection of a previous device, the serial input connection of the second device being
coupled to the serial output connection of the first device, the step of receiving comprises
receiving a command to write an ID in the first device in a first packet; the step of generating
comprises generating a device ID from signal received at the serial input connection of the
first device in a packet basis in response to a clock; and the step of sending comprises
transferring the generated device ID to the serial input connection of the second device in a
second packet, the first and second packets being non-overlapped in time.

[0033] iIn some embodiments, the method further comprises: interpreting the
received command to obtain the ID for the device; controlling clock latency between
interpreted serial input and the clock, so that the first and second packets are non-
overlapped in time; generating the device 1D in response to the controlled clock latency and
the new ID, the generated ID being provided through the serial output connection.

[0034] In some embodiments, the devices are in memory devices having memory
portions for storing data that is accessed in a normal operation mode.

[0035] According to another broad aspect, the invention provides a method for
generating a device identifier (ID) at a first device coupled to a second device in a serial
interconnection configuration, the first device having serial input connection coupled to serial
output connection of a previous device in the serial interconnection configuration and the
second device having serial input connection coupled to serial output connection of the first
device, the method comprising: receiving a command to write an ID in the first device in a
first packet; generating a device ID from signal received at the serial input connection of the
first device in a packet basis in response to a clock; and transferring the generated device 1D
to the second device from the serial output connection of the first device to the serial input
connection of the second device in a second packet, the first and second packets being non-
overlapped in time.

[0036] In some embodiments, the method further comprises: interpreting the

received command to obtain the ID for the device; controlling clock latency between
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interpreted serial input and the clock, so that the first and second packets are non-
overlapped in time; generating the device ID in response to the controlled clock latency and
the new ID, the generated ID being provided through the serial output connection.

[0037] In some embodiments, the devices are in memory devices having memory
portions for storing data that is accessed in a normal operation mode.

[0038] According to another broad aspect, the invention provides a latency controller
for use in an apparatus comprising a plurality of devices in a serial connected arrangement,
each device having a serial input connection (SI) for receiving serial input data and a serial
output connection (SO) for providing serial output data, at least one of the devices having a
packet based processor for receiving a first packet containing a first ID (device identifier) for
the device, generating a second ID for another one of the devices and generating a second
packet containing the second ID for transmission to the other device in response to clocks,
the latency controller comprising: a control circuit for controlling a clock latency in response
to a received ID and the clock to provide a clock latency control signal, the clock latency
control signal being used to ensure the first and second packets are non-overlapped in time.
[0039] According to another broad aspect, the invention provides an apparatus for
generating a device identifier (ID) at a first device coupled to a second memory device in a
serial interconnection configuration, the first device having serial input connections coupled
to serial output connections of a previous device in the serial interconnection configuration
and the second device having serial input connections coupled to serial output connections
of the first device, the apparatus comprising: an ID production circuit for producing a device
ID from signals received at the serial input connections of the first device in a packet basis; a
transfer circuit for transferring the generated device ID in a packet to the second device from
the serial output connections of the first device to the serial input connections of the second
device, packets containing IDs for two devices being non-overlapped in time.

[0040] According to another broad aspect, the invention provides an ID producing
apparatus for producing a device identifier (ID) coupled to one of a plurality of devices in a
serial interconnection configuration, the one device having at least one cell for storing data,
the one device having a serial input connection for receiving serial input data and a serial
output connection for providing serial output data, the apparatus comprising: an input
registration circuit for registering serial N-bit ID data contained in the serial input data and for
providing the registered N-bit ID data as parallel N-bit ID data, N being an integer that is one
or greater than one; a calculating circuit for performing a calculation based on the parallel N-
bit ID data and given number data to provide N-bit calculation data as a generated device ID;

a parallel-serial circuit for registering the N-bit calculation data as parallel N-bit calculated
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data and for providing the registered parallel N-bit calculated data as serial N-bit data, the
serial N-bit data being forwarded to an input registering circuit included in another generating
apparatus coupled to another device; and a transfer circuit for transferring the N-bit
calculation data to the second device from the serial output connections of the first device to
the serial input connections of the second device.

[0041] Other aspects and features of the present invention will become apparent to
those ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Embodiments of the present invention will now be described, by way of
example only, with reference to the attached Figures, wherein:

Figure 1 is a block diagram of memory devices employing a daisy chain
cascading connection according to an embodiment of the present invention;

Figure 2 is an illustration of a timing diagram of single data rate (SDR)
operation of the memory devices shown in Figure 1,

Figures 3A and 3B are block diagrams illustrating packet based processing
circuits according to embodiments of the present invention;

Figure 4 is a block diagram illustrating a serial packet interpreter shown in
Figure 3B;

Figure 5 is a block diagram illustrating a clock producer shown in Figure 3B;

Figure 6 is a block diagram illustrating an address register shown in Figure
3B;

Figure 7 is a block diagram illustrating a data register shown in Figure 3B;

Figure 8 is a block diagram illustrating an ID temporary register and an 1D
generator shown in Figure 3B;

Figure 9A is an illustration of a timing diagram of a normal operation;

Figure 9B is an illustration of a timing diagram of an ID generation operation;

Figure 10 is a block diagram illustrating a latency controller shown in Figure
3B;

Figure 11 is an illustration of a timing diagram of an ID generation with high
frequency clock;

Figure 12 is a block diagram illustrating another example of an ID temporary

register and an ID generator; and
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Figure 13 is a block diagram illustrating another example of a latency

controller.
DETAILED DESCRIPTION
[0043] In the following detailed description of sample embodiments of the technique,

reference is made to the accompanying drawings which form a part hereof, and in which is
shown by way of illustration specific sample embodiments in which the technique may be
practiced. These embodiments are described in sufficient detail to enable those skilled in
the art to practice the technique, and it is to be understood that other embodiments may be
utilized and that logical, mechanical, electrical, and other changes may be made without
departing from the scope of the technique. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope is defined by the appended claims.

[0044] In general, the one cycle latency between two adjacent devices connected in
a daisy chain fashion as provided by the configuration taught by the above-referenced
Thomson et al. may not provide enough time margin to perform the interpretation and
generation of packet commands in a manner that is suitable for systems operating at high
frequency, e.g., over 1GHz. Generally, the present invention relates to a device identifier
(ID) generation which is implemented in serial daisy chain cascading arrangement of various
memory devices (e.g., DRAMs, flash memories). The memory devices need their identifiers
(IDs). Each of the memory devices generates IDs for next memory devices and transmits
the generated IDs between devices in a manner that at each device, an incoming packet
containing an ID does not overlap in time with outgoing packet containing an ID for a next
device.

[0045] In some implementations, to begin, input command data and previously
generated ID data are synchronously registered. The registered data is synchronously
output and provided as parallel data for calculation of a new ID for the next device. The
calculated parallel ID data is synchronously output as serial data which is transferred to the
next device. The calculation may for example be the addition or subtraction by a
predetermined value (e.g., one) for generating the ID. The maximum ID bit number is
determined by the bit sizes of the register and calculator, not the number of physical pins.
Therefore, a large number of IDs can be generated and a large of memory devices can be
connected in a single serial interconnection configuration.

[0046] An embodiment of the present invention will now be described as a daisy
chain cascading of devices. In accordance with an embodiment of the present invention, a

packet based ID generation employs packets that have a command field that is set to
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indicate 1D generation to indicate that an ID is being transferred to the next device. Specific
examples are detailed below.

[0047] Figure 1 shows a system including memory devices employing a daisy chain
cascading connection according to an embodiment of the present invention. Referring to
Figure 1, a system controlier 100 provides a plurality of signals 102 to N memory devices
110-1 — 110-N. The signals 102 include a chip select signal CS, a serial clock signal CLK
and a clock latency control signal CLC. The N memory devices 110-1 — 110-N are serially
connected in a cascaded manner. Each of the N devices 110-1 — 110-N has a respective
serial input (SI) and a respective serial output (SO). The input to the serial input of the first
device 110-1 is labelled SIP, this constituting the overall serial input for the system. The
signal transferred from the first device 110-1 to the second device 110-2 is labelled SP1.
The remaining signals are similarly labelled with the signal between the N-1th device and the
Nth device being labelled SP (N-1) and the signal output by the last device 110-N being
labelled SPN this also constituting the overall output (SOP) of the system. The clock signal
CLK is commonly fed to the N devices 110-1 — 110-N. In this embodiment, the chip select
signal CS is commonly fed to enable all devices at the same time, so that input data of each
device is transferred to the next device simultaneously in all of the devices. Also, the clock
latency control signal CLC is commonly fed to the devices to control the clock latency in
each of the devices. The memory devices may for example be DRAM (dynamic random
access memory) devices, SRAM (static random access memory) devices and/or flash
memory devices.

[0048] Figure 2 is an exemplary timing diagram for a single data rate (SDR) mode of
operation. All data types (device number data, command data, address data, input data)
can be processed through the SDR operation. During a first set of clock cycles data from the
serial input is read into the device. In the example of Figure 2, this takes place over five
clock cycles 200, 202, 204, 206, 208 and input data In0, In1, In2, In3, In4 are input to the
device. During the next set of clock cycles, data is output by the device. In the illustrated
example, there are five clock pulses 210, 212, 214, 216, 218 that result in the output of
output data Out0, Out1, Out2, Out3, Out4. In the illustrated example, it is the rising edge of
the clock pulse that triggers the input or output of data, but other implementations are
possible. Furthermore, while the timing diagram of Figure 2 shows five bits being input and
output, other implementations may use different numbers of bits. There is a delay between
the last input bit being read in and the output of the first output bit as indicated at 220.

[0049] The devices 110-1 — 110-N shown in Figure 1 include respective packet
based processing circuits 111-1 — 111-N.  Figure 3A shows an example implementation of
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packet based processing circuit 111-1 included in the first device 110-1, this including both
circuitry for the ID generation described below, and other circuitry associated with the
device's operation as a memory. The other devices include the same data ID generator
circuit as shown in Figure 3A. Figure 3B shows another example implementation of packet
based processing circuit 111-1. The ID generator circuit performs an ID generation to
enhance the performance with synchronous operation. The circuit includes a latency control
function that introduces a controllable latency between the receipt of an ID generation
command packet from a preceding device and the transmission of an ID generation
command packet to a next device so as to avoid overlapping for two adjacent devices. The
circuit has an ID generation mode during which IDs are generated as detailed below. After
all of the serially interconnected devices have their IDs, they begin to operate in normal
mode during which any of the devices are individually addressable through the serial
interconnections.

[0050] Referring to Figure 3A, an example implementation of a packet based
processing circuit 111 is shown. There is an input/output data processing circuit 360, and an
ID generation circuit 330. The input/output data processing circuit 360 receives a packet via
serial input SI, and generates a packet for transmission on serial output SO after a time gap.
The ID generation circuit generates the ID for the next circuit in the serial arrangement of
circuits. Of course, there may be additional functions not shown.

[0051] Referring to Figure 3B, another example of a packet based processing circuit
is shown, this being significantly more detailed. Data on the serial input port (SIP) is fed
through a serial input buffer 311. The clock signal CLK is fed through a clock input buffer
313 that provides an internal clock signal 312. In this example, each of the input buffers 311
and 313 has an inherent signal delay and thus, its output signal is slightly delayed from its
input signal. A delayed output signal from the input buffer 311 is provided as an internal
serial input data signal 310. Similarly, a delayed output signal from the input buffer 313 is
provided as the internal clock signal 312. A serial packet interpreter 315 receives the SIP
data through the serial input buffer 311 that provides the internal serial input data signal 310.
Generally, packet based serial input does not have any supplemental input enable pins to
designate the start point and/or end point of a packet. Instead of hard pins, the SIP data
contains start and end bits that function similar to IPE (input port enable). So as to detect
the packet start and end, the serial packet interpreter 315 is used. Depending upon a given
implementation, the packet start and end bits could be a single bit or multiple complicated
patterns that provide correct operation start and end points without errors. The serial packet
interpreter 315 provides a serial packet interpreted output signal 316 in response to the
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internal clock signal 312 described above. The serial packet interpreted output signal 316
contains a plurality of bits: command bits, address bits, data bits and ID bits.

[0052] A clock producer 317 receives the clock signal CLK through the clock input
buffer 313. The clock producer 317 also receives a clock generation control signal 314 from
a command interpreter 321. For packet based ID generation using the circuit 111-1 of
Figure 3B, all of the operations are related and synchronized with the clocks produced by the
clock producer 317. The clock producer 317 produces a command clock signal 319C for the
command interpreter 321, an address clock signal 319A for an address register 323, a data
clock signal 319D for a data register 325 and an ID clock signal 319l for an |ID temporary
register 327.

[0053] The command interpreter 321 receives the serial packet interpreted output
signal 316 from the serial packet interpreter 315 and responds to the command clock signal
319C. From the serial packet interpreter 315, only command related bits are sent to the
command interpreter 321 for decoding. The command interpreter 321 also provides the
clock generation control signal 314 to the clock producer 317. A specific command is
defined to indicate that packet contains an ID. The actual details of the command are
implementation specific; suffice it to say, that the ID generation command simply needs to be
distinguishable from other commands.

[0054] If any command needs addresses, the packet will also contain address bits.
The address bits output by the serial packet interpreter are registered in the address register
323 that responds to the address clock signal 319A. The address register 323 is not
involved during ID generation mode. Only normal operations, such as, write or read, will
utilize the address register 323. Like address register, the data register 325 is for a normal
operation with the clock signal. The data bits contained in the serial packet interpreted
output signal 316 to be written into a memory are stored in the data register 325 in response
to the data clock signal 319D.

[0055] The ID temporary register 327 receives the serial packet interpreted output
signal 316 and the ID clock signal 3191. In the ID generation mode, the ID bits contained in
the serial packet interpreted output signal 316 are registered in the ID temporary register 327
in response to the ID clock signal 3191. ID generation is performed by an ID generator 329
to create a new ID number for another device on a serial interconnection configuration such
as daisy chain cascading. The ID generator 329 generates an address for the next device,
for example by performing an adding operation for the next device (e.g., +1 operation).
More generally, the address generation simply needs to be capable of generating a unique

address compared to all of those assigned thus far. While an ID number is being created
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through each device with the daisy chain, the ID generator 329 generates a new ID that will
function as an address for the next device.

[0056] In the detailed embodiments described, it is assumed that the ID that is
received by a given device is then established as that device’s ID. The device generates an
ID for the next device. In another embodiment, not described in detail, the ID that is
received by a given device is a previous device’s ID, and the device generates an ID for
itself. Implementation of this alternative embodiment should be readily apparent to one of
skill in the art having regard to the other embodiments described herein.

[0057] In this embodiment, the system including the plurality of devices 110-1 — 110-
N controlled by the system controller 100 (see Figure 1) operates mainly with two modes: a
“normal mode” and an “ID generation mode”. In the normal mode, a data processing circuit
351 performs data access to a memory 357 of a processing circuit 350. In the ID operation
mode, the ID is registered in an ID register 335 and another ID is generated by the ID
generator 329. The operations of the normal and ID generation will be later described with
reference to Figures 9A and 9B.

[0058] The command interpreter 321 provides a clock latency enable signal 331 to a
latency controller 337, a data process control signal 332 to the processing circuit 350, and
an ID process enable signal 336 to the ID temporary register 327 and an |D latch controller
333. The clock latency enable signal 331, the data process control signal 332 and the 1D
process enable signal 336 are provided to convey internal instructions from the command
interpreter 321 to the relevant circuits as detailed below. The format of these instructions is
implementation specific.

[0059] When an ID generation command is decoded and directs that operation, an
ID latch controller 333 is enabled by the ID process enable signal 336 and generates a latch
signal 334 to store the ID number in the ID register 335. The ID number contained in an ID
number signal 328 is output from the ID temporary register 327. The ID is latched by the ID
register 335 until power off.

[0060] The memory 357 is for example a DRAM, SRAM or flash memory. The data
processing circuit 351 receives a registered address signal 353 from the address register
323 and a registered data signal 355 from the data register 325. In response to a data
access instruction contained in the data process control signal 332, the data processing
circuit 351 performs data access (write and/or read) to the memory 357 for data processing.
The processed data is provided by a data output signal 359 to a data packet circuit 341.
[0061] For ID generation mode, between two serial packets, there needs to be a time
gap between the receipt of a packet by the serial packet interpreter 315 and the output of a
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packet by the data packet circuit 341 of the previous device, so as to ensure the high speed
operation (e.g., over 1GHz). To meet with the requirement, the serial packet for next
device is delayed through the latency controller 337. For example, if a packet needs a 10-
cycle delay to avoid the overlapping, the outgoing packet is generated 10 cycles later, in
response to the clock latency control signal CLC provided by the system controller 100 (see
Figure 1). The latency controller 337 provides a latency controlled signal 339 to the data
packet circuit 341. During ID generation mode, the device needs to prepare a serial packet
with the new ID number for the next device. With clock synchronization, a new packet
including new ID is produced from the data packet circuit 341 that receives an ID calculated
signal 343. An SOP is provided through an output buffer 345.

[0062] It can be seen that for the circuit of Figure 3B, elements 315, 321, 337,341,
317,327, 333, 329, 335 are all involved with ID registration and generation. A very specific
circuit has been shown to realize these functions and of course it is to be understood that
other circuits to realize similar functionality may alternatively be used. Furthermore, circuits
315, 321, 337, 341, 350 combine to provide a very specific implementation of the
input/output data processing circuit 360 of Figure 3A.

[0063] Figure 4 shows an example implementation of the serial packet interpreter
315 shown in Figure 3B. Referring to Figures 3B and 4, a serial-to-parallel register 411
responds to the SIP (or the internal serial input data signal 310) and clock bits of the internal
clock signal 312 and provides a command output signal 413 of eight bits to a packet
analyzer 415. The packet analyzer 415 determines whether the command bit data in the
command output signal 413 is valid or invalid. If the data is valid, the packet analyzer 415
will provide analyzed resultant data as the serial packet interpreted output signal 316. The
command data in the serial packet interpreted output signal 316 is fed to the command
interpreter 321. The command interpreter 321 includes a command decoder (not shown) to
decode the command bits provided from the packet analyzer 415 and provide the clock
generation control signal 314 as well as the clock latency enable signal 331, the data
process control signal 332 and the ID process enable signal 336. In accordance with the
command interpretation, different clock signals are provided for the command interpreter
321, the address register 323, the data register 325 and the ID temporary register 327, in
response to the bit information contained in the clock generation control signal 314.

[0064] Figure 5 shows the clock producer 317 shown in Figure 3B. Referring to
Figure 5, the clock generation control signal 314 and the clocks of the internal clock signal
312 are fed to a clock generation controller 515 that provides a command clock enable
signal 517C, an address clock enable signal 517A, a data clock enable signal 517D and an
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ID clock enable signal 5171 to a command clock generator 519C, an address clock generator
519A, a data clock generator 519D and an ID clock generator 519l, respectively,
synchronously with the clock signal CLK. In the normal mode, in response to the command
clock enable signal 517C, the address clock enable signal 517A and the data clock enable
signal 517D, the command clock generator 519C, the address clock generator 519A and the
data clock generator 519D generate the command clock signal 319C, the address clock
signal 319A and the data clock signal 319D, respectively, with different timings. In the ID
generation mode, in response to the command clock enable signal 517C and the ID clock
enable signal 5171, the command clock generator 519C and the ID clock generator 519l
generate the command clock signal 319C and the ID clock signal 319, respectively, with
different timings. The clock generation timings in the normal and ID generation modes will
be later described with reference to Figures 9A and 9B.

[0065] Figure 6 shows the address register 323 shown in Figure 3B. The address
register 323 includes a serial-to-parallel register 354 that registers the address bits contained
in the serial input data and outputs eight-bit parallel data 353 in response to the address
clock signal 319A.

[0066] Figure7 shows the data register 325 shown in Figure 3B. The data register
325 includes a serial-to-parallel register 356 that registers the data bits contained in the
serial input data and outputs eight-bit parallel data 355 in response to the data clock signal
319D.

[0067] Figure 8 shows the ID temporary register 327 and the ID generator 329
shown in Figure 3B. Referring to Figure 8, the ID temporary register 327 is formed by a
serial-to-parallel register 421 that registers the serial packet data contained in the serial
packet interpreted output signal 316 and outputs the data in parallel, in response to the
clocks of the ID clock signal 319l. The ID generator 329 includes an ID calculation circuit
531 that receives the parallel data of the ID number contained in the ID number signal 328.
In this embodiment, the ID calculation circuit 531 performs the calculation of adding one and
the calculated ID number is provided by a calculation output signal 533 of eight bits to a
parallel-to-serial register 535. The ID clock signal 319! is also fed to the parallel-to-serial
register 535 that registers the calculated ID number data. The registered ID number data is
shifted out, in response to the clocks of the ID clock signal 319l. The shifted out ID number
data is provided as serial data contained in the ID calculated signal 343.

[0068] In the embodiment shown in Figures 3A and 3B, there is no overlap interval
between adjacent devices connected in a daisy chain fashion. Latency provides more time

margin to the relevant operations like write and read and makes possible higher frequency
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operation without the requirement for complicated circuitry, by the use of clock delay function
elements with selection switches.

[0069] Figures 9A and 9B show a normal operation and an ID generation operation
of the devices, respectively. The modes of normal operation and ID generation are
determined by the system controller 100 shown in Figure 1. Referring to Figures 3A, 3B, 5,
9A and 9B, in the normal operation mode shown in Figure 9A, no ID clocks are required and
thus, the clock generation controller 515 does not provide the ID clock enable signal 5171. In
response to the clock enable signals from the clock generation controller 515, the command
clock signal 319C, the address clock signal 319A and the data clock signal 319D are
produced. In response to the clocks, the data processing circuit 351 performs the data
process function reads/writes data from/to the memory 357.

[0070] In the ID generation mode shown in Figure 9B, neither address nor data
clocks are required and thus, the clock generation controller 515 does not provide the
address clock enable signal 517A and the data clock enable signal 517D. The clock
generation controller 515 provides the command clock enable signal 517C and the ID clock
enable signal 5171. In response to the provided clock enable signals, the command clock
signal 319C and the ID clock signal 319l are generated. In the response to the generated
clocks, the ID generation is performed by the ID generator 329.

[0071] Figure 10 shows the latency controller 337 shown in Figure 3B. The latency
controller 337 receives the internal serial input data signal 310, the clock latency enable
signal 331 and the internal clock signal 312, and performs the clock latency control in
accordance with the CLC input. For normal mode, every additional D-FF is not selected and
only default latency with two D-FF is done. For ID generation mode, CLC selects the latency
delay by switch control change from a selector control circuit 623.

[0072] Referring to Figure 10, the internal serial input data signal 310 is fed to a first
D-type flip flop (D-FF) 611, the output signal of which is provided to a second D-FF 613. The
D-FF 613’s output signal is fed to a latency adjust circuit 620 that includes D-FFs 615-1 —
615-M and selectors 617-1 — 617-M. M is an integer greater than one. M pairs of D-FF and
selector are connected in series. The internal clock signal 312 is commonly fed to the clock
inputs of the first and second D-FFs 611 and 613 and M D-FFs 615-1 — 615-M. In the
latency adjust circuit 620, the output signal of one D-FF and its input signal are fed to the “0”
and “1" inputs of the selector of that pair, respectively. The M selectors 617-1 — 617-M
receive M selection signals 621 -1 — 621-M contained in a selection control signal 621
provided by a selector control circuit 623. The selector control circuit 623 provides the

selection control signal 621 in response to the clock latency enable signal 331 and a latency
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control signal 625 having P bits. P is an integer greater than one and 27 = M. The latency
control signal 625 is provided by the system controller 100 shown in Figure 1. The P bit data
of the latency control signal 625 is represented by SCD1 — SCDP (not shown). In a specific
example, the latency control signal 625 includes three bits (P=3), M being eight. The P bit
signal is decoded by the selector control circuit 623 and the selection control signal 621 is
provided. Thus, the latency adjust circuit 620 has eight D-FFs and eight selectors.
Following Table | shows the latency controlled by the latency control signal 625.

Table |
Clock Latency Control Signal Bits Number of Selectors Controlled Latency
SCD1 SCD2 SCD3 Selected by SCD — SCD3 (clock cycles)
0 0 0 0 N/A
1 0 0 1 1
0 1 0 2 2
0 0 1 3 3
1 1 0 4 4
0 1 1 5 5
1 0 1 6 6
1 1 1 7 7
[0073] In the example shown in Figure 10, two D-FFs 611 and 613 provide “fixed”

delay of two cycles. Other fixed delays can alternatively be implemented. The latency adjust
circuit 620 provides an “additional” delay of adjustable and selectable cycles. In a case
where three cycle delay is required, the additional delay is one cycle and thus, only one
selector (e.g., the first selector 617-1) is chosen to be “0” and the delay by one D-FF (e.g.,
the D-FF 615-1) is utilized. In a case where the clock latency enable signal 331 is disabled
when no ID command interpretation is made, the latency controller 337 provides the fixed
delay.

[0074] Figure 11 shows signal timings of ID generation with high frequency clock.
As shown in Figure 11, the key point of the technique is to keep enough clock time margin to
allow internal ID generating operation, before sending all serial packet bit streams to the next
device. As described above, the latency (clock cycles) is controlled by the P bits of the
latency control signal 625 provided by the system controller 100. In some implementations,
the latency control bits are determined during device specification, and the latency control
bits for ID generation mode are not changed after device specification has been fixed.
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[0075] Referring to Figures 1 — 11, the data on SIP contains packet bits and ID that
is fed to the serial input port (SIP) of the first device 110-1. As shown in FIG. 1, the identical
devices are serially interconnected (serially linked or daisy chained) and serial input port
(SIP) data is processed and is outputted as serial output port (SOP) data. Due to the nature
of the serial interconnection, an intended device for receipt of serial data needs to be
identified for data processing. Such an identifier is attached to the serial data as an ID. The
ID for the first device is provided by the system controller 100. The ID for the first device
might for example be ‘00h’. The size of the ID depends on the requirements of the system
and the number of devices connected in daisy chain fashion. Then, the first device 110-1
provides SP1 from its serial output port (SOP), the SP1 being fed to the second device 110-
2. Similarly, the second device 110-2 provides SP2 to the third device 110-3. As such, each
device receives an SIP data and provides an SOP to its neighboring device. The Nth device
provides SPN (SOP). A general bit structure of the packet bits + ID is “packet start + ID
generation command + ID + packet end”. Thus, the SIP and the provided SP’s are by given
by:
SIP: Packet + IDO
= Packet start + ID generation command + ‘0..000’ + Packet end
SP1: Packet + ID1
= Packet start + ID generation command + ‘0..001’ + Packet end
SP2: Packet + ID2
= Packet start + ID generation command + ‘0..010’ + Packet end
SPN: Packet + ID(N-1)
= Packet start + ID generation command + ‘1..110" + Packet end.
[0076] Bit configuration of serial input packet is packet start bits + first bits
(command, any bit sizes depending on the system requirement and memory operation
modes) + ID values (several bits) + packet end (optional).
[0077] Figure 12 shows another example of the ID temporary register and the 1D
generator shown in Figure 3B. Referring to Figure 12, the ID calculation circuit 631 is a
subtractor (e.g., -1 operation), instead of an adder. In the case of the subtractor, the newly
generated ID is for the downward device. More generally, as described previously,
subsequent addresses can be generated in any manner that ensures a set of unique
addresses.
[0078] Figure 13 shows another example of the latency controller 337 shown in
Figure 3B. Referring to Figure 13, the latency controller includes no D-FFs at the input stage

of the latency adjust circuit, i.e., no “fixed” delay. A latency adjust circuit 720 includes D-FFs
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715-1 — 715-M and selectors 717-1 — 717-M that are interconnected in a similar manner to
that of Figure 10. In this example, in accordance with the P bit data of a clock latency
control signal 725, the latency adjust circuit 720 varies the entirety of the clock latency. In
response to the clock latency control signal 725 provided by the system controller 100
shown in Figure 1, a selector control circuit 723 decodes it and provides a selection control
signal 721 containing M selection signals 721-1 — 721-M to the selectors 717-1 — 717-M. In
this example, the system controller 100 provides the clock latency control signal 725
containing information bits to achieve the “fixed” or “minimum” delay, when no ID command
interpretation is made.

[0079] Packet based operations typically contain packet start and end and include
command bits to accomplish an expected operation based on serial stream data
transmission to a packet data interpreter in each device. ID generation command is just one
type of command suitable for use with sets of daisy chain devices. Typical implementations
will include functional blocks (not shown) that may be defined on an implementation specific
basis to perform the processing of other input command types.

[0080] In the embodiment described, a single data rate (SDR) interface is adopted
as the interface type of the system and the rising edge of clock latches input data. In case of
a double data rate (DDR) interface type, both edges of the clock are used to latch input
streams to speed up the write and read operations. Furthermore, other types of interfaces
such as QDR (quadruple data rate) and the like may be employed.

[0081] In the embodiment described above, the device elements and circuits are
connected to each other as shown in the figures, for the sake of simplicity. In practical
applications of the techniques to memory systems, devices, elements, circuits, etc. may be
connected or coupled directly to each other. As well, devices, elements, circuits etc. may be
connected or coupled indirectly to each other through other devices, elements, circuits, etc.,
as necessary for operation of the memory systems.

[0082] The above-described embodiments of the present invention are intended to
be examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,
which is defined solely by the claims appended hereto.
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WHAT IS CLAIMED iS:

1. An apparatus comprising:

a plurality of devices in a serial interconnection configuration, each device having
a serial input connection (SI) for receiving serial input data and a serial output connection (SO)
for providing serial output data,

at least one of the devices having a packet based processor for receiving a first
packet containing a first ID (device identifier), generating a second ID as a function of the first ID
and generating a second packet containing the second ID for transmission to another device in
response to a clock such that there is a time gap between receiving the first packet and the

transmission of the second packet.

2. The apparatus of claim 1, wherein in respect of each device having a packet
based processor, the first ID is established as the ID of that device, and the second ID is to be

established as the ID of the other device.

3. The apparatus of claim 1, wherein in respect of each device having a packet

based processor, the second ID is established as the ID of that device.

4, The apparatus of claim 1, wherein each device further comprises an ID register
for storing the first ID, thereafter the device being adapted to treat the first ID as the ID for the

device.

5. The apparatus of any one of claims 1 to 4, wherein each device comprises:

an input/output data processor for processing serial input data provided through
the serial input connection, and providing serial output data to be sent through the serial output
connection, the second packet being provided to the other device through the serial output

connection for the at least one of the devices.

6. The apparatus of claim 5, wherein the input/output data processor comprises:
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an interpreter for interpreting serial packet-based commands received at the

serial input connection and for providing an interpreted ID as said first ID in response to the

clock.
7. The apparatus of claim 6, wherein each device further comprises:
an ID generator for performing a calculation based on the first ID to produce the
second ID.
8. The apparatus of claim 7, wherein the ID generator comprises:

a calculator for adding a predetermined increment value to the first ID to provide

the second ID.

9. The apparatus of claim 7, wherein the ID generator comprises:
a calculator for subtracting a predetermined decrement value to the first ID to

provide the second ID.

10. The apparatus of any one of claim 6 to 9, wherein the interpreter comprises:
a serial packet interpreter for interpreting the serial packet-based commands to
provide interpreted packet commands and for further interpreting the interpreted packet

commands to provide the interpreted ID.

11. The apparatus of claim 10, wherein the input/output data processor further
comprises:

a controller for controlling a clock latency in response to the interpreted 1D and
the clock to provide a clock latency control signal, the clock latency control signal controlling the
output of the second packet such that there is the time gap between receiving the first packet

and the transmission of the second packet.

12. The apparatus of claim 11, wherein the controller comprises:

a clock delay element (D-FFs) including series-connected selectable time
delayors; and

a selection circuit for selecting a combination of the selectable time delayors, in

response to a latency control signal (CLC).
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13. The apparatus of claim 12, wherein the controller further comprises:

at least one clock delay element that does not require selection and introduces a
fixed delay.
14. The apparatus of any one of claims 12 and 13, further comprising:

a control circuit for controlling operation of the serial interconnection of the

devices, the control circuit providing the latency control signal to the selection circuit.

15. The apparatus of any one of claims 12 to 14, wherein the input/output data
processor further comprises:

a packet output circuit for outputting a packet based ID in accordance with the
second ID, in response to the clock latency control signal and the clock, the packet based ID

being provided to the serial output.

16. The apparatus of any one of claims 1 to 6, wherein the plurality of devices
comprise first and second devices, the serial input connection of the first device being coupled
to the serial output connection of a previous device, the serial input connection of the second
device being coupled to the serial output connection of the first device:

the packet based processor comprising:

an 1D production circuit for producing the second device ID from signals received
at the serial input connection of the first device in a packet basis; and

a transfer circuit for transferring the generated second device ID in a packet to
the second device from the serial output connection of the first device to the serial input
connection of the second device, packets containing IDs for two devices being non-overlapped

in time.

17. The apparatus of any one of claims 1 to 16, wherein the device comprises a

memory for storing data.

18. The apparatus of claim 17, wherein the memory includes a DRAM, a SRAM or

flash memory.
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19. A method for generating a device identifier (ID) in one of a plurality of devices in
a serial interconnection configuration, each device having a serial input connection for receiving
serial input data and a serial output connection for providing serial output data, the method
comprising:
receiving a first packet containing a first ID to be used as a device identifier;
generating a second ID as a function of the first ID for another device; and
sending a second packet containing the second ID for the other device, the first

and second packets being non-overlapped in time.

20. The method of claim 19, further comprising:
interpreting serial packet-basis commands received at the serial input to provide

an interpreted ID as said first [D in response to a clock.

21. The method of claim 20, wherein the step of generating further comprises:
performing a calculation based on the interpreted ID to generate the second ID.

22. The method of claim 21, wherein the step of performing a calculation comprises:
adding a predetermined increment value to the interpreted ID to provide the

second ID.

23. The method of any one of claims 20 to 22, wherein the step of interpreting
comprises:

interpreting the serial packet-basis commands to provide interpreted packet
commands; and

further interpreting the interpreted packet commands to provide the interpreted
ID.

24, The method of any one of claims 20 to 23, further comprising:
controlling a clock latency in response to the interpreted ID and the clock to
provide a clock latency control signal, so that the packets for two devices are non-overlapped in

time.
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25. The method of claim 19, wherein the plurality of devices comprise first and
second devices, the serial input connection of the first device being coupled to the serial output
connection of a previous device, the serial input connection of the second device being coupled
to the serial output connection of the first device,

the step of receiving comprises receiving a command to write an ID in the first
device in a first packet;

the step of generating comprises generating a device ID from signal received at
the serial input connection of the first device in a packet basis in response to a clock; and

the step of sending comprises transferring the generated device ID to the second
device from the serial output connection of the first device to the serial input connection of the
second device in a second packet, the first and second packets being non-overlapped in time.

26. The method of claim 25, further comprising:

interpreting the received command to obtain the ID for the device;

controlling clock latency between interpreted serial input and the clock, so that
the first and second packets are non-overlapped in time;

generating the device ID in response to the controlled clock latency and the new

ID, the generated ID being provided through the serial output connection.

27. The method of any one of claims 25 and 26, wherein the devices are in memory
devices having memory portions for storing data that is accessed in a normal operation mode.

28. A latency controller for use in an apparatus comprising a plurality of devices in a
serial connected arrangement, each device having a serial input connection (SI) for receiving
serial input data and a serial output connection (SO) for providing serial output data, at least one
of the devices having a packet based processor for receiving a first packet containing a first ID
(device identifier) for the device, generating a second ID for another one of the devices and
generating a second packet containing the second ID for transmission to the other device in
response to clocks, the latency controller comprising:

a control circuit for controlling a clock latency in response to a received 1D and
the clock to provide a clock latency control signal, the clock latency control signal being used to

ensure the first and second packets are non-overlapped in time.
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29. An ID producing apparatus for producing a device identifier (ID) coupled to one of
a plurality of devices in a serial interconnection configuration, the one device having at least one
cell for storing data, the one device having a serial input connection for receiving serial input
data and a serial output connection for providing serial output data, the apparatus comprising:

an input registration circuit for registering serial N-bit ID data contained in the
serial input data and for providing the registered N-bit ID data as parallel N-bit ID data, N being
an integer that is one or greater than one;

a calculating circuit for performing a calculation based on the parallel N-bit 1D
data and given number data to provide N-bit calculation data as a generated device ID;

a parallel-serial circuit for registering the N-bit calculation data as parallel N-bit
calculated data and for providing the registered parallel N-bit calculated data as serial N-bit
data, the serial N-bit data being forwarded to an input registering circuit included in another
generating apparatus coupled to another device; and

a transfer circuit for transferring the N-bit calculation data to the second device
from the serial output connections of the first device to the serial input connections of the

second device.
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