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(57) ABSTRACT 

A plurality of memory devices of mixed type (e.g., DRAMs. 
SRAMs, MRAMs, and NAND-, NOR-, AND-type Flash 
memories) are serially interconnected. Each device has 
device type information on its device type. A specific device 
type (DT) and a device identifier (ID) contained in a serial 
input are fed to one device of the serial interconnection con 
figuration. The device determines whether the fed DT 
matches the DT of the device. In a case of match, a calculator 
included in the device performs calculation to generate an ID 
for another device and the fed ID is latched in a register of the 
device. The generated ID is transferred to another device of 
the serial interconnection. In a case of no match, the ID 
generation is skipped and no ID is generated for another 
device. Such a device type match determination and ID gen 
eration or skip are performed in all devices of the serial 
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APPARATUS AND METHOD FOR 
PRODUCING DS FOR INTERCONNECTED 

DEVICES OF MIXED TYPE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority of 
U.S. Provisional Patent Application No. 60/870,892 entitled 
“IP Production for Serially Interconnected Devices of Vary 
ing Type' filed Dec. 20, 2006, the disclosure of which is 
expressly incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to memory 
systems. More particularly, the present invention relates to an 
apparatus and a method for producing device identifiers for a 
serial interconnection of devices of mixed type. 

BACKGROUND OF THE INVENTION 

0003 Current consumer electronic equipment uses 
memory devices. For example, mobile electronic devices 
Such as digital cameras, portable digital assistants, portable 
audio/video players and mobile terminals continue to require 
mass storage memories, preferably non-volatile memory 
with ever increasing capacities and speed capabilities. Non 
volatile memory and hard disk drives are preferred since data 
is retained in the absence of power, thus extending battery 
life. 
0004 While existing memory devices operate at speeds 
Sufficient for many current consumer electronic devices. Such 
memory devices may not be adequate for use in future elec 
tronic devices and other devices where high data rates are 
desired. For example, a mobile multimedia device that 
records high definition moving pictures is likely to require a 
memory module with a greater programming throughput than 
one with current memory technology. While such a solution 
appears to be straightforward, there is a problem with signal 
quality at Such high frequencies, which sets a practical limi 
tation on the operating frequency of the memory. The 
memory communicates with other components using a set of 
parallel input/output (I/O) pins, the number of which depends 
on the desired configuration. The I/O pins receive command 
instructions and input data and provides output data. This is 
commonly known as a parallel interface. High speed opera 
tion may cause deleterious communication effects such as, 
for example, cross-talk, signal skew and signal attenuation, 
which degrade signal quality. 
0005. In order to incorporate higher density and faster 
operation on the system boards, there are two design tech 
niques: serial interconnection and multi-drop configurations. 
These design techniques may be used to overcome the density 
issue that determines the cost and operating efficiency of 
memory Swapping between a hard diskanda memory system. 
However, multi-drop configurations have shortcomings rela 
tive to the serial interconnection of memory systems. For 
example, if the number of multi-drop memory systems 
increases, as a result of loading effect of each pin, delay time 
also increases so that the total performance of multi-drop is 
degraded by the multi-drop connection caused by the wire 
resistor-capacitor loading and the pin capacitance of the 
memory device. A serial link in a device Such as a memory 
device may utilize a single pin input that receives all 
addresses, commands, and data serially. The serial link may 
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provide a serial interconnection configuration to control com 
mand bits, address bits, and data bits effectively through the 
serial interconnection. By providing a serial interconnection 
configuration, a device identifier is assigned to each of the 
connected devices. 

SUMMARY OF THE INVENTION 

0006. In accordance with one aspect of the present inven 
tion, there is provided a system comprising a plurality of 
memory devices including at least first and second devices in 
a serial interconnection configuration, the first device having 
serial input and output connections, the second device having 
a serial input connection, the serial input connection of the 
first device being coupled to a serial output connection of a 
previous device, the serial output connection of the first 
device being coupled to the serial input connection of the 
second device. The first device includes: a receiver for receiv 
ing a device identifier (ID) and a device type (DT) through the 
serial input connection thereof a determiner for determining 
the device type from the received DT; and an ID assignor for 
assigning an ID in response to a determination result. 
0007 For example, the ID assignor includes a calculator 
for performing the calculation of the ID based on the received 
ID and a pre-defined value. The calculator may be an adder 
that adds one to the ID or a subtractor that subtracts one from 
the ID. 
0008. The first device may further include a device infor 
mation provider for providing device type information (DTI) 
of the device. For example, the determiner includes a com 
parator for comparing the DT with the provided DTI to pro 
vide the determination result. 
0009 Advantageously, the ID assignor includes a selector 
for selecting one of the calculated ID and the received ID 
depending upon the determination result. The selected ID is 
outputted through the serial output connection of the device. 
The device information provider may include an information 
storage for storing the device type information on types of the 
plurality of memory devices, the device type information 
being provided in parallel manner to the selector. 
0010 Advantageously, the plurality of memory devices in 
the serial interconnection configuration includes mixed type 
memory devices, the memory devices including, such as ran 
dom access memories (e.g., DRAMs, SRAMs. MRAMs) and 
Flash memories (e.g., NAND-type, NOR-type, AND-type 
Flash memories). The information storage may include a 
storage that is capable of storing the device type information 
of the mixed type memory devices and providing one of the 
device type information corresponding to a selected one of 
the memory devices. 
0011. In accordance with another aspect of the present 
invention, there is provided a method for assigning a device 
identifier at a first device coupled to a second device in a serial 
interconnection configuration, the first device having a serial 
input connection coupled to a serial output connection of a 
previous device in the serial interconnection configuration, 
the second device having a serial input connection coupled to 
a serial output connection of the first device. The method 
includes: receiving device identifier (ID) and a device type 
(DT) through the serial input connection of the first device: 
determining the DT of the device from the received DT; and 
providing an ID in response to a determination result. 
0012 Advantageously, the step of providing the ID 
includes performing the calculation of the received ID with a 
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pre-defined value to provide a calculated ID. The method may 
include the step of providing device type information (DTI) 
of the device. 
0013 Advantageously, the step of determining the DT 
includes comparing the DT with the provided DTI to provide 
the determination result. The step of providing the ID 
includes selecting one of the received ID and the calculated 
ID depending upon the determination result. The selected ID 
is outputted as a new ID through the serial output connection 
of the device. 
0014. In accordance with a further aspect of the present 
invention, there is provided an apparatus for producing a 
device identifier at a first device coupled to a second device in 
a serial interconnection configuration, the first device having 
a serial input connection coupled to a serial output connection 
of a previous device in the serial interconnection configura 
tion, the second device having a serial input connection 
coupled to a serial output connection of the first device. The 
apparatus includes: a receiver for receiving a device identifier 
(ID) and a device type (DT) through the serial input connec 
tion of the first device; a determiner for determining the DT of 
the device from the received DT; and an ID producer for 
producing an ID in response to a determination result. 
0015 The ID producer may include a calculator for per 
forming the calculation of the received ID with a pre-defined 
value. The apparatus may include a device type producer for 
providing device type information (DTI) of the device. 
0016 For example, the determiner includes a comparator 
for comparing the received DT with the provided DTI to 
provide the determination result. The ID producer further 
includes a selector for selecting one of the received ID and the 
calculated ID depending upon the determination result. The 
selected ID is outputted through the serial output connection 
of the device. 
0017 Advantageously, the receiver includes: a register for 
registering the received ID and DT in serial manner, and an 
output provider for outputting each of the registered ID and 
DT in parallel manner. The ID and DT are provided separately 
by the receiver for calculating the ID and for selecting one of 
the pre-calculated ID and the calculated ID, respectively. 
0018. The apparatus may further include: a storage that is 
capable of storing the device type information on types of the 
plurality of memory devices; and a provider for providing the 
device type information of the devices for the determination. 
0019. In accordance with yet a further aspect of the present 
invention, there is provided a method for determining a device 
identifier of one of a plurality of devices in a serial intercon 
nection configuration, the method comprising: receiving a 
first value corresponding to a device identifier (ID) and a 
second value corresponding to a device type (DT); comparing 
the second value to a device type number (DTN) stored at a 
first device; and producing a match signal that indicates 
whether the second value corresponds to the DTN. 
0020. The method may further include generating an ID 
responsive to the received ID. One of the generated ID and the 
received ID is selected to output a selected ID. A signal 
corresponding to the selected ID is transmitted to a second 
device. 
0021 Advantageously, in response to the match signal, the 
generated ID or the received ID is written into an ID register 
at the first device. 
0022. In accordance with yet a further aspect of the present 
invention, there is provided an apparatus for assigning a 
device identifier for use in a plurality of mixed type memory 
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devices in a serial interconnection configuration, a first device 
having a serial input connection coupled to a serial output 
connection of a previous device, a second device having a 
serial input connection coupled to a serial output connection 
of the first device. The apparatus includes: a determiner for 
determining a received device type (DTsi) based on a device 
type (DT) in the serial interconnection configuration; and an 
ID producer for producing a device identifier (ID) in response 
to a determination result. 
0023 The apparatus may further include a receiver for 
receiving the ID and the DT through the serial input connec 
tion of the device. Advantageously, the ID producer includes 
a calculator for performing the calculation of the received ID 
with a pre-defined value. The apparatus may further include a 
device information provider for providing device type infor 
mation (DTI) of the first device. 
0024 For example, the determiner includes: a comparator 
for comparing the DTsi with the provided DTI to provide the 
determination result. The ID producer includes a selector for 
selecting one of the received ID and the calculated ID depend 
ing upon the determination result. The selected ID is output 
ted through the serial output connection of the device. 
0025. For example, the device information provider 
includes a storage that is capable of storing the device type 
information of the memory devices and is capable of provid 
ing the device type information corresponding to a selected 
one of the memory devices. The device type information of 
the memory devices may include DRAM, SRAM, MRAM 
and NAND-, NOR- and AND-type Flash memories. 
0026 Inaccordance with yet a further aspect of the present 
invention, there is provided a method for assigning a device 
identifier at a first device coupled to a second device in a serial 
interconnection configuration, the first device having a serial 
input connection coupled to a serial output connection of a 
previous device in the serial interconnection configuration, 
the second device having a serial input connection coupled to 
a serial output connection of the first device. The method 
includes: receiving a device type (DT) through the serial input 
connection of the first device; determining the DT of the first 
device from the received DT; receiving a device identifier 
(ID) through the serial input connection of the first device: 
and producing an ID in response to the determination result. 
0027. The method may further include: holding the 
received DT; and holding the received ID. For example, the 
step of determining the DT includes providing a reference DT 
of the first device. The reference DT is compared with the 
held DT to provide the determination result. Advantageously, 
in response to the determination result, the calculation of the 
received ID with a pre-defined value is performed to provide 
a calculated ID. One of the held ID and the calculated ID is 
selected depending upon the determination result. The 
selected ID is outputted as a new ID through the serial output 
connection of the first device. 
0028. In accordance with yet a further aspect of the present 
invention, there is provided a method for assigning a device 
identifier for a plurality of mixed type memory devices in a 
serial interconnection configuration, a first device having a 
serial input connection coupled to a serial output connection 
of a previous device, a second device having a serial input 
connection coupled to a serial output connection of the first 
device. The method includes: receiving a device type (DT): 
holding the received DT at each of the devices; determining 
whether the DT matches a reference DT associated with each 
of the devices; providing a device identifier (ID) to one of the 
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devices, through the serial input connection of the device; and 
at the device wherein the ID is provided, conducting an ID 
assignment in response to the determination result at that 
device. 
0029 Advantageously, the step of providing an ID 
includes providing the DT to the devices by serially transfer 
ring it from one device to a last device. For example, the step 
of holding the received DT is performed after the step of 
providing the DT. The step of determining the match is per 
formed before the step of conducting the ID assignment at all 
of the devices. At each of the devices, the step of conducting 
the ID assignment is performed based on the previous deter 
mination result. 
0030. In some embodiments, the step of holding the 
received DT is performed after the step of providing the DT. 
The step of conducting the ID assignment is performed at 
each of the devices in response to the determination result. 
The step of conducting the ID assignment may include per 
forming the calculation of the ID based on the provided ID 
and a pre-defined value; and passing the provided ID without 
altering it. Advantageously, at the device wherein the ID is 
provided, the calculated ID is outputted for another device 
(e.g., a next device) and the non-altered ID is outputted for the 
device. 
0031. In accordance with yet a further aspect of the present 
invention, there is provided a system comprising: a control 
signal provider for providing control signals; and a plurality 
of memory devices in a serial interconnection configuration, 
a first device having a serial input connection coupled to a 
serial output connection of a previous device, a second device 
having a serial input connection coupled to a serial output 
connection of the first device, the devices being controlled in 
response to the control signals. 
0032. In accordance with an embodiment of the present 
invention, there is provided an ID generation with skip func 
tion for serially interconnected memory devices of mixed 
type, in accordance with the device types. 
0033. 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 embodi 
ments of the invention in conjunction with the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
attached figures, wherein: 
0035 FIG. 1A is a block diagram illustrating memory 
devices employing a serial interconnection implementation 
to which embodiments of the present invention are applied; 
0036 FIG. 1B is a block diagram illustrating one of the 
devices shown in FIG. 1A: 
0037 FIG. 2A is a timing diagram of single data rate 
operation of memory devices; 
0038 FIG. 2B is a timing diagram of double data rate 
operation of memory devices; 
0039 FIG.3A is a block diagram illustrating a serial inter 
connection of three memory devices; 
0040 FIG. 3B is a timing diagram illustrating communi 
cation between devices shown in FIG. 3A; 
0041 FIG. 4A is a block diagram illustrating a plurality of 
devices in a serial interconnection operating to establish a 
device identifier (ID) at each device; 
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0042 FIG. 4B is a block diagram illustrating one of the 
devices shown in FIG. 4A; 
0043 FIG. 4C is a block diagram illustrating an ID gen 
erator shown in FIG. 4B; 
0044 FIG. 4D is a timing diagram of signals transferred 
between the devices shown in FIG. 4A to establish each ID: 
0045 FIG. 5A is a block diagram illustrating a plurality of 
devices in a serial interconnection operating to establish an ID 
in a dual link: 
0046 FIG. 5B is a timing diagram of signals transferred 
between the devices shown in FIG. 5A to establish each ID: 
0047 FIG. 6A is a block diagram illustrating a plurality of 
devices of mixed type in a serial interconnection, in which 
embodiments of the present invention are implemented; 
0048 FIG. 6B is a block diagram illustrating one of the 
devices shown in FIG. 6A: 
0049 FIG. 6C is a flow chart of an ID generation method 
performed by a device controller shown in FIG. 6B; 
0050 FIG. 6D is a block diagram illustrating an example 
of the ID generator shown in FIG. 6B; 
0051 FIG. 7A is a flow chart of an ID generation method 
with a skip or bypass function; 
0052 FIG. 7B is a flow chart illustrating part of the ID 
generation shown in FIG. 7A: 
0053 FIG. 8A is a block diagram illustrating a plurality of 
devices of mixed type in a serial interconnection, in which the 
ID generation of NAND memory devices is performed: 
0054 FIG. 8B is a timing diagram of the ID generation in 
the serial interconnection shown in FIG. 8A: 
0055 FIG.9A is a block diagram illustrating a plurality of 
devices of mixed type in a serial interconnection, in which the 
ID generation of NOR memory devices is performed; 
0056 FIG.9B is a timing diagram of the ID generation in 
the serial interconnection shown in FIG. 9A; 
0057 FIG. 10 is a block diagram illustrating another 
example of the ID generator; 
0.058 FIG. 11 is a timing diagram of the ID generation in 
the serial interconnection to where the ID generator shown in 
FIG. 10 is applied: 
0059 FIG. 12A is a flowchart illustrating an ID generation 
method performed by the ID generator shown in FIG. 10; 
0060 FIG. 12B is a flowchart illustrating part of the ID 
generation shown in FIG. 12A; and 
0061 FIG. 13 is a block diagram illustrating another 
example of the ID generator. 

DETAILED DESCRIPTION 

0062. In the following detailed description of embodi 
ments of the present invention, reference is made to the 
accompanying drawings which form a part hereof, and in 
which is shown by way of illustration of specific embodi 
ments in which the present invention may be practiced. These 
embodiments are described in sufficient detail to enable those 
of ordinary skill in the art to practice the present invention, 
and it is to be understood that other embodiments may be 
utilized and that logical, electrical, and other changes may be 
made without departing from the scope of the present inven 
tion. The following detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present inven 
tion is defined by the appended claims. 
0063 Generally, the present invention provides an appa 
ratus and a method for processing and capturing serial input 
data with ID generation in serially interconnected devices. 
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0064. Some memory subsystems employ multiple Flash 
devices with serial interfaces. Here, the command string may 
be fed to all of the devices even though the command may 
only be performed on one of the devices. To select the device 
on which the command is to be performed, the command 
string may contain a device identifier (ID) that identifies the 
Flash device to which the command is directed. Each device 
receiving the command string compares the ID contained in 
the command string to an ID associated with the device. If the 
two match, the device assumes that the command is directed 
to itself and executes the command. 

0065. A problem with the above-described arrangement 
involves establishing an ID for each device. One technique 
that may be used to establish an ID for a device is to hardwire 
an internal unique ID into the device. One drawback with this 
approach, however, is that if large numbers of devices are 
used, the size of the ID may have to be quite long in order to 
ensure that each device contains a unique ID. Managing a 
large-sized device ID may add significant complexity to the 
device, which in turn may increase the cost of producing the 
device. In addition, reclaiming device IDs that are associated 
with devices that are no longer in use may further add to the 
complexity of this scheme. 
0066. Another approach to assigning IDs to devices 
involves externally hardwiring an ID for each device. Here, 
the ID may be specified by wiring various pins on the device 
to certain states to establish an ID for the device. The device 
reads the wired state of the pins and establishes its ID from the 
read state. One drawback with this approach, however, is that 
external wiring is needed to assign the ID for each device. 
This may add to the complexity of e.g., printed circuit boards 
(PCBs) that hold the memory devices. Another drawback 
with this approach is that it may require pins to be dedicated 
for the assignment of the ID. This may consume precious 
resources that may be otherwise better used. In addition, 
dedicating pins for the assignment of the ID may require a 
greater footprint for the device than if pins were not used to 
assign the ID. 
0067. At least some embodiments of the present invention 
address at least some of these shortcomings. At least some 
example embodiments automatically establish an ID for a 
device, for example, in a serial interconnection arrangement, 
in a manner that does not require special internal or external 
hardwiring of the ID. According to one aspect of the tech 
niques described herein, an input signal is transmitted 
through a serial interconnection to a first device in an arrange 
ment including multiple devices (e.g., a serial interconnection 
arrangement) using inputs that are also used by the first device 
to input other information to the device (e.g., data, com 
mands, control signals). A generator generates a device ID in 
response to the input signal. A transferor then transfers an 
output signal associated with the ID to a second memory 
device through a serial output of the first device. The serial 
output may also be used by the first device to output other 
information (e.g., signals, data) to other devices in the 
arrangement. 
0068. In an embodiment of the techniques described 
herein, a write ID operation is initiated at a device in a serial 
interconnection arrangement to cause the device to establish 
an ID. A first device receives a first value by acquiring the 
state of one or more inputs of the first device. The first device 
then establishes a device ID from the first value, which may 
include placing the first value in storage (e.g., a device ID 
register) associated with the device. The first device generates 
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a second value from the acquired state of the inputs. The first 
device outputs the second value from the first device via 
outputs of the first device to a second device in the serial 
interconnection. The second device inputs the value output by 
the first device and repeats this process to establish an ID. 
0069 Embodiments of the present invention will now be 
described in conjunction with a MISL (multiple independent 
serial link). A MISL product is an item in the Flash memory 
area that enhances the operation performance without change 
to the core structure. It is an innovation of interface and data 
processing of Flash memories. Due to the restriction of Flash 
cell structure and limited performance of the cell, the 
enhancement of Flash performance has been a key issue to be 
resolved in the memory industry. Most products including 
Flash memory core have parallel ports that latch simulta 
neously all address bits, all command bits, and all data bits, 
respectively. A serial link utilizes a single pin input for receiv 
ing all address, command, and data serially. Details of MISL 
are described in U.S. patent application Ser. No. 1 1/324,023 
filed Dec. 30, 2005: U.S. Provisional Patent Application No. 
60/787,710 entitled “Serial interconnection of Memory 
Devices' filed Mar. 28, 2006; and U.S. Provisional Patent 
Application No. 60/802,645 entitled “Serial interconnection 
of Memory Devices' filed May 23, 2006, the contents of 
which are entirely incorporated herein by reference. 
0070 FIG. 1A shows an exemplary device configuration 
including a plurality of single port devices configured in a 
serial interconnection arrangement having inputs and outputs 
for various signals, together with a memory controller. In this 
example, the device configuration includes four memory 
devices 1,2,3 and 4 (120-1, 120-2, 120-3 and 120-4). Each of 
the interconnected devices 120-1-120-4 has the same struc 
ture. A memory controller 111 provides a group of signals 
113 containing chip select (SCS, serial input SI, input port 
enable SIPE, output port enable SOPE, clock SCLK, and 
other control and data information (not shown) that are pro 
vided to the devices. 

0071 FIG. 1B shows one device 120-i representing any 
one of the devices 120-1-120-4 shown in FIG. 1A. The device 
120-i includes a device controller 130 and a memory 140 
including Such as, for example, random access memory or 
Flash memory. For example, the random access memories 
can be dynamic random access memory (DRAM), static ran 
dom access memory (SRAM), magnetoresistive random 
access memory (MRAM) and the Flash memories can be 
NAND-type, NOR-type, AND-type, and other types of Flash 
memories. The device 120-i has a serial input port (SIP) 
connection, a serial output port (SOP) connection, a chip 
select input (CS), and a clock input (CLK). The SIP is used 
to transfer information (e.g., command, address and data 
information) into the device 120-i. The SOP is used to transfer 
information from the device 120-i. CLK receives a clock 
signal. The /CS receives a chip select signal (SCS, which 
enables operations at all devices simultaneously. The device 
controller 130 performs various control and processfunctions 
with access to the memory 140 in response to the input signals 
(e.g., SI, SIPE, SOPE, SCLK), and provides serial output data 
to the next device 120-(i+1). 
(0072 Referring to FIGS. 1A and 1B, the SIP and the SOP 
are connected between devices in the serial interconnection 
arrangement such that the SOP of previous device 120-(i-1) 
in the serial interconnection is coupled to the SIP of the device 
120-i in the serial interconnection. For example, the SOP of 
device 1, 120-1, is coupled to the SIP of device 2, 120-2. The 
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clock input CLK of each of four devices 120-1-120-4 is fed 
with the clock signal SCLK from the memory controller 111. 
The clock signal SCLK is distributed to all devices via a 
common link. As will be described further below, SCLK is 
used to, interalia, latch information input to the device 120-i 
at various registers contained therein. The ?cS is a conven 
tional chip select input for selecting the device. The /CS is 
coupled to a common link which enables the chip select signal 
FSCS to be asserted to all of the devices 120-1-120-4 concur 
rently and consequently selects all of the devices. 
0073. In addition, the device 120-i has an input port enable 
input IPE, an output port enable input OPE, an input port 
enable output IPEQ and an output port enable output OPEQ. 
The IPE is used to input the input port enable signal SIPEi to 
the device 120-i. The signal SIPEi is used by the device to 
enable the SIP such that when the IPE is asserted, information 
is serially input to the device 120-i via the SIP. Likewise, the 
OPE is used to input the output port enable signal SOPEi to 
the device 120-i. The signal SOPEi is used by the device to 
enable the SOP such that when the OPE is asserted, informa 
tion is serially output from the device 120-i via the SOP. The 
IPEO and the OPEQ are outputs that output the signals 
SIPEQi and SOPEQi, respectively, from the device 120-i. 
The /CS and the CLK are coupled to separate links which 
distribute the chip select signal /SCS and the clock signal 
SCLK, respectively, to four devices 120-1-120-4, as 
described above. 

0074 The SIP and the SOP are coupled from previous 
device 120-(i-1) to next device 120-(i+1) in the serial inter 
connection arrangement, as described above. Moreover, the 
IPEQ and the OPEQ of the previous device 120-(i-1) are 
coupled to the IPE and the OPE, respectively, of the present 
device 120-i in the serial interconnection. This arrangement 
allows the signals SIPE and SOPE to be transferred from one 
device to the next (e.g., device 1, 120-1, to device 2, 120-2) in 
the serial interconnection configuration. 
0075 Information transmitted to the devices 120-1-120-4 
can be latched at different times of the clock signal SCLK fed 
to the CLK. For example, in a single data rate (SDR) imple 
mentation, information input to the device 120-i at the SIP can 
be latched at either the rising or falling edge of the clock 
signal SCLK. Alternatively, in a double data rate (DDR) 
implementation, both the rising and falling edges of the clock 
signal SCLK can be used to latch information input at the SIP. 
FIG. 2A shows a relative timing sequence for an SDR opera 
tion of memory devices. FIG. 2B shows a relative timing 
sequence for a DDR operation of memory devices. Each of 
FIGS. 2A and 2B shows operations in one port. In each of the 
SDR and DDR operations, the chip select signal is commonly 
connected to enable all devices at the same time, so that input 
data of the first device is propagated to the last device. 
0076 FIG. 3A shows three devices 210-1-210-3 config 
ured in a serial interconnection arrangement. FIG. 3B shows 
signals transferred between the devices 210-1-210-3 shown 
in FIG. 3A. Referring to FIGS. 3A and 3B, the chip select 
signal/SCS is first asserted to select the devices. Information 
is transmitted to device 1, 210-1, in the serial interconnection 
by asserting the IPE and clocking data into device 210-1 on 
Successive rising edges of the clock signal SCLK. The input 
port enable signal SIPE is propagated through device 1, 210 
1, to device 2, 210-2, in less than a cycle, as shown by the 
signal IPE 0. Similarly, the output port enable signal SOPE is 
propagated through device 1 to device 2. The propagation 
time interval may be varied depending on the system require 
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ments, e.g., a half cycle time interval or a time interval based 
on a proportion of cycles. The propagation enables informa 
tion to be clocked from the SOP of device 1, 210-1, to the SIP 
of device 2, 210-2, at one cycle after the information was 
clocked into device 1, 210-1. This process is repeated for 
Successive devices in the serial interconnection. For example, 
information is inputted to device 3, 210-3, in the serial inter 
connection at the third rising edge of SCLK from the latch 
point of the data at device 1. The control signals SIPE and 
SOPE are synchronized with the rising edge of the clock 
signal SCLK in order to ensure a proper setup time for these 
signals at the next device in the serial interconnection. 
0077 FIG. 4A shows a plurality of devices in a serial 
interconnection configuration. Referring to FIG. 4A, N 
memory devices 310-1-310-N are connected in a single link 
arrangement and serially interconnected. N devices 310-1- 
310-N include device controllers 320-1-320-N and memories 
315-1-315-N, respectively. A device 310-i is shown in FIG. 
4B. The device controller 320-i of the device 310-i is con 
nected to the corresponding memory 315-i. The device con 
troller 320-i includes a controller/processor 331, an ID gen 
erator 333 and an ID register 341. The serial inputSI to SIP of 
the device 310i includes the command, device identifier (ID), 
IDii, and other signal data. The controller/processor 331 
receives the serial input Sli, input port enable signal SIPEi. 
output port enable signal SOPEi and performs control and 
data processing functions. The ID generator 333 is controlled 
by the controller/processor 331 and establishes an ID. ID(i+ 
1), for next device 310-(i+1). In response to an ID write 
enable signal 343 provided by the controller/processor 331, 
the ID register 341 registers the received ID. IDii, for the 
present device 310-i. The registered ID is held until powered 
off. 

(0078 FIG. 4C shows an example of the ID generator 333 
shown in FIG. 4B. Referring to FIG. 4C, the serial input SIi is 
provided to a serial-to-parallel register 351 of n-bits. The 
register 351 outputs n-bit IDii to an ID calculator 353 which 
in turn performs adding (+1) operation. An output signal of 
the calculator 353 contains a new ID of n-bits, IDii-1, which 
is provided to a parallel-to-serial register 355. The register 
355 provides a serial bit ID, IDi+1, for next device 310-(i+1). 
(0079 FIG. 4D shows signals transferred between the 
devices shown in FIG. 4A. This exemplary operation gener 
ates IDs in a serial interconnection of a plurality of devices. In 
the example serial interconnection shown in FIGS. 4A-4D, 
device logic at IPE includes a function to catch a serial input 
stream based on the one-byte unit so that OPE is chosen to 
latch a serial ID input stream after the /SCS signal is “low” 
again. In FIG. 4D, an ID generation mode setting time period 
TCS1 between times T01 and T02 is a time interval equivalent 
to pre-defined clock cycles corresponding to the ID bit 
length--eight cycles (command bit length)+a considerable 
number of serially interconnected devices. The commands 
include an “ID generation' command. The SI contains the ID 
(initial ID ( 00000)) and a “write ID entry” command as an 
input stream that are caught by IPE during the time period 
TCS1. TCS1 includes bit cycles of a total number of ID bits, 
e.g., five cycles. The ID bits are established by the size of an 
internal ID register. For example, if any device has a 12 bit-ID 
register, the OPE will hold the “high state during 12 cycles. 
This means that 4096 devices are connected physically with a 
serial interconnection arrangement without any pin limitation 
like the above mentioned implementation which makes use of 
existing pins to send the ID number parallelly and asynchro 
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nously. After the completion of the ID generation mode set 
ting process, the ID generation operation starts at time T1 and 
ends with an expiration of time period TIDG. With an expi 
ration of one chip select cycle TCS2 at time T2. (SCS is 
toggled and with an expiration of time period TIDEX from 
time T2, the ID generation ends at time T3. The time period 
TIDEX between times T2 and T3 is pre-defined by any num 
ber of clock cycles depending upon the system (e.g., five 
clock cycles or five rising edges of the clock pulse after time 
T2). 
0080 Referring to FIGS. 4A-4D, the serial input SI con 
tains ID and “write ID entry'. For a signal transfer between 
the OPE and the OPEQ or op1 and op2, in a non-overlap 
section of time of more than two cycles should occur to avoid 
an operation contention caused by an ID increment and data 
transferring to an adjacent and next device. After the OPE is 
asserted at each of device 310-1-310-N, latched ID input data 
is stored in an ID register (e.g., the serial-to-parallel register 
351 in FIG. 4C) of the device and an increment operation with 
this input is performed before asserting the OPEQ (e.g., by 
the ID calculator 353 shown in FIG. 4C). A function of the 
signal at the OPE is to determine the number of ID bits from 
1 bit to the maximum number of defined bits of the ID register 
into each memory device. Because of this function, the signal 
corresponding to device ID should be transferred to the next 
device in order beginning with the least significant bit (LSB) 
and ending with the most significant bit (MSB). The IDs are 
shown in Table 1. 

TABLE 1. 

ID Number ID Binary Code (LSB -> MSB) 

IDO (=Initial ID) OOOO 
ID1 1OOO 
ID2 O1OO 
ID3 1100 

ID(N - 2) O1111 
ID(N - 1) 11111 

0081. In this example, N is 32. In other embodiments, N 
can be any other integer. 
0082. The ID stored in the ID register is according to the 
sequence and ID number itself. For example, if the ID register 
is 10-bits in length and OPE has a 5-cycle “high state, then 
five bits are included in the ID generation and a signal corre 
sponding to the 5-bit result is transferred to the next device. 
The remaining bits are ignored and "Zero” values are kept in 
the ID registers. In the example shown in FIG. 4A, each of the 
devices 310-1-310-N is not categorized per device type and 
memories. 

0083. The ID generator 333 generates a sequence of 
device ID numbers with consecutive integers from low to 
high. The resulting device ID assignment is shown in Table 2. 

TABLE 2 

Device Assigned ID Number ID Code 

31O-1 IDO OOOOO 
31O-2 ID1 1OOOO 
31O-3 ID2 O1 OOO 
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TABLE 2-continued 

Device Assigned ID Number ID Code 

310-(N-1) ID(N - 2) O1111 
31O-N ID(N - 1) 11111 

I0084. Alternatively, the sequence of device ID numbers 
could be any other numeral sequence, provided that the adder 
333 is replaced with an alternative operator that enables the 
sequence. For example, the ID calculator 353 could be 
replaced with a subtractor for performing “-1 operation of 
device ID, thereby enabling a sequence of consecutive inte 
gers from high to low. 
I0085 FIG. 5A shows a plurality of devices in a serial 
interconnection configuration operating to establish an ID at 
each device employing an example of ID generation logic for 
dual link. FIG. 5B shows a timing diagram of signals trans 
ferred between the devices shown in FIG.5A to establish IDs. 
The connection of the devices memories is different from 
that of FIG. 4A. FIG. 5A shows an example to describe how 
to generate IDs with dual links of a MISL device of a serial 
interconnection arrangement. Any serial input pin and one 
control pin can have the same functionality as depicted in 
FIG.S.A. 
I0086 FIG. 6A shows a plurality of memory devices of 
mixed type configured in a serial interconnection arrange 
ment. In the example shown in FIG. 6A, devices 1-5 (410-1- 
410-5) are interconnected and they include memories 420-1- 
420-5 therein. Each of memories 420-1, 420-3 and 420-5 has 
a NAND Flash memory. Each of memories 420-2 and 420-4 
has a NOR Flash memory. For example, a system implement 
ing Such an arrangement of different types or a mixed-device 
serial interconnection may require that only devices of a 
certain type (e.g., NAND Flash devices) be assigned IDs. 
Alternatively, the system may require that all devices be 
assigned IDs, but that all devices of the same type are 
assigned IDs in a consecutive sequence. In order to meet Such 
requirements in a system implementing ID generation as 
described above, five devices 410-1-410-5 are provided with 
device controllers 430-1-430-5, respectively. One of the func 
tions performed by the device controller is to assign a device 
ID based on the device type. A memory controller 211 pro 
vides a group of signals 213 containing a chip select (SCS, a 
serial input SI, an input port enable SIPE, an output port 
enable SOPE, a clock SCLK, and other control and data 
information (not shown) that are provided to the devices. 
I0087 FIG. 6B shows a device 410-i which represents the 
devices 410-1-410-5. The device 410-i includes the memory 
420-i and the device controller 430-i connected thereto. The 
device controller 430-i includes a controller/processor 432, 
an ID generator 434, an ID register 431 and an output signal 
provider 436. The serial input SIi to the SIP of the device 
410-i contains the command, device identifier IDii and other 
signal data. The controller/processor 432 receives the SIi, the 
SIPEi, the SOPEi and performs control and data processing 
functions. The controller/processor 432 provides an ID gen 
eration control signal 421 to the ID generator 434 that deter 
mines whether a received device type matches a pre-defined 
device type. The received device type, DTsi, is a device type 
(DT) received through the serial input SI. The pre-defined 
device type is a reference DT. DTref, fed by storage means 
(not shown). The ID generator 434 produces an ID, ID. based 
on the received ID, IDii, to establish an ID for another device, 
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in response to the determination result. The established ID 
contained in a serial output ID signal 455 from the ID gen 
erator 434 is transmitted through the output signal provider 
436, in response to an ID generation enable signal 423. The 
ID generation ends in response to an ID generation mode exit 
signal 422 provided by the controller/processor 432. An ID 
production method performed by the device is shown in FIG. 
6C. When the ID generation is not performed (e.g., a normal 
mode operation), data processed by the controller/processor 
432 and contained in a processed data signal 425 is transmit 
ted through the output signal provider 436. 
0088. The controller/processor 432 also provides an ID 
write enable signal 433 derived from the output port enable 
signal SOPE. In response to the ID write enable signal 433 
and the determination result from the ID generator 434, the ID 
register 431 registers the received IDii contained in an ID 
signal 435 from the ID generator 434, as an ID for the present 
device 410-i. The registered ID is held until powered-off. The 
ID registration by the ID register 431 occurs only when the 
received DT, DTsi, matches the reference DT, DTref. In the 
case of no matching between DTsi and DTref, no ID regis 
tration occurs and the ID register 431 holds a reset value (e.g., 
“Zero” state). 
I0089 Referring to FIGS. 6B and 6C, the devices receives 
device type DTsi (step 471). Thereafter, the ID generator 434 
of device 410-i, DVi, receives IDii from the previous device, 
DV(i-1). Also, the device, DVi, receives information on the 
device type DTsi (step 472). Then, the received DTsi is com 
pared to a reference device type DTrefprovided by storage 
means (hereinafter described) (step 473). If the DTsimatches 
the DTref, the IDii will be incremented to produce a new ID 
(step 474). If there is no match at step 472, the IDii will be 
maintained as a new ID (step 475). Thus, at step 475, the ID 
generation is skipped or bypassed. After step 474 or 475, the 
new ID is fed by the ID generator 434 to the output signal 
provider 436 which in turn provides the new ID as an output 
ID, IDoi, to the next device (DV(i+1)) (step 476) and the ID 
generation is completed at the device DVi (step 477). 
0090 FIG. 6D shows details of the ID generator 434 and 
the output signal provider 436 shown in FIG. 6B. Referring to 
FIGS. 6A-6D, the ID generator 434 includes a device type 
number storage/provider 442 of a one-time-programmable 
(OTP) element configured by a non-volatile memory. The 
OTP element stores a device type number as a device type 
reference (DTref) that is programmed to the device prior to ID 
generation. Table 3 shows an example of device type number 
assignment and the definition of device types in serialized 
byte code. 

TABLE 3 

Device Bit 
Type HEX Bit 7 Bit 6 Bit S. Bit 4 Bit 3 Bit 2 Bit 1 O 

NAND OOh O O O O O O O O 
Flash 
(DTnd) 
NOR 01h O O O O O O O 1 
Flash 
(DTnr) 
DRAM 02h O O O O O O 1 O 
(DTrn) 
SRAM O3 O O O O O O 1 1 
(DTsm) 
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TABLE 3-continued 

Device Bit 
Type HEX Bit 7 Bit 6 Bit S. Bit 4 Bit 3 Bit 2 Bit 1 O 

MRAM FFh 1 1 1 1 1 1 1 1 

(DTmm) 

0091. The device type number assignment and the defini 
tion of device types in Table 3 above can be changed. More 
device types can be added. 
0092. The ID generator 434 also includes a serial input 
buffer 437 for receiving the serial input Slithrough SIP of the 
device. The received SIi in the ID generation mode setting 
operation includes a value corresponding to a device type 
(DT), DTsi, which is a number of m-bits (e.g., eight bits). The 
received SIi in the ID generation operation includes a value 
corresponding to a device ID. IDii, which is a number of 
n-bits (e.g., eight bits). The clock signal SCLK is fed to a 
temporary ID register 440 and a device type (DT) clock 
generator 441. A DT register clock signal is internally gener 
ated in response to the clock signal SCLK. Each of the tem 
porary ID register 440 and the DT register 439 is a serial-to 
parallel register that registers the input serial data therein in 
response to the input clocks. In the ID generation mode set 
ting operation, the m-bit DTsi contained in the SI is serially 
shifted into the register 439 in response to the DT register 
clock signal and held therein. In the ID generation mode, the 
n-bit IDii contained in the SI is serially shifted into the reg 
ister 440 in response to the clock signal SCLK and held 
therein. 
(0093. The m-bit DTsi and n-bit IDii separately held in the 
registers 439 and 440 are outputted in parallel as m-bit signal 
445 and n-bit signal 447, respectively. The n-bit signal 447 is 
fed to a selector 452 and an adder 450 that provides a calcu 
lation signal 451 having a +1 operation value. The m-bit 
signal 445 is fed to a comparator 448 that also receives m-bit 
DT number, DTref, contained in a DT signal 443 from the DT 
number storage/provider 442. The comparator 448 includes 
an m-bit DT comparator 461 and a comparison result register 
463. In response to the ID generation control signal 421 at 
determination time Tdti, the DT comparator 461 compares 
the DTsi to the DTref to provide a comparison result signal 
465 to the comparison result register 463. Thus, the DT match 
determination result is held in the comparison result register 
463 that provides a DT match signal 449. If DTsi and DTref 
are identical, the DT match signal 449 will become “high.” 
indicating a match between the two numbers of the device 
types DTsi, and DTref. Otherwise, the DT match signal 449 
will become “low” indicating that the received DTsi specifies 
a type of device that is different from that of the present device 
(410-i). The comparator 448 outputs the “high DT match 
signal having a pulse width Tm, when a device type match 
occurs. Storing time period Tm is selected as the +1 operation 
is completed and the addition result is transferred to the 
parallel-to-serial register 454. The DT match signal 449 tran 
sits to “low” in response to the ID generation mode exit signal 
422 from the controller/processor 432. Thus, Tm ends as the 
ID generation mode exits. 
(0094. The adder 450 adds “1” to IDii, thereby producing 
the calculation signal 451 containing an ID. IDii-1, for 
another device (e.g., a next device) in a sequence of IDS in the 
serial interconnection. The adder 450 provides an appropriate 
function for ID generation when the selected sequence of ID 
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numbers are consecutive integers from low to high. Alterna 
tively, the sequence of ID numbers could be any other 
numeral sequence, provided that the adder 450 is replaced 
with an alternative operator that enables the sequence. For 
example, the adder 450 could be replaced with a subtractor 
that subtracts “1” from the ID. IDii, thereby enabling a 
sequence of consecutive integers from high to low. 
0095. The selector 452 selects one of the two inputs (effec 
tively “added ID. IDii-1 and “non-added ID, IDii') accord 
ing to the DT match signal 449. If the DT match signal 449 is 
“high” (corresponding to a match between the DTsi and the 
DTref), then the selector 452 selects input “1”, which receives 
the signal 451 of “added IDi+1” from the adder 450. If the 
DT match signal 449 is “low” (corresponding to a difference 
between the DTsi and the DTref), then the selector 452 selects 
input “0”, which receives the signal 447 of “non-added IDii” 
from the serial-to-parallel register 440. The selected output 
signal of n-bits is fed to a parallel-to-serial register 454 that is 
enabled to register the selected n-bit ID data therein immedi 
ately before the expiration of the time period Tm, in response 
to an enable signal (not shown). The parallel-to-serial register 
454 outputs the registered data in a serial manner as the serial 
output ID signal 455, in response to the clock signal SCLK. 
The serial output ID signal 455 is fed to a selector 456 of the 
output signal provider 436. The selector 456 also receives the 
processed data signal 425 provided by the controller/proces 
sor 432 accessing the memory 420-i (NAND or NOR Flash 
memory) of that device 410-i. In response to the ID genera 
tion enable signal 423 derived from the generation command 
by the controller/processor, the selector 456 selects the serial 
output ID signal 455 or the processed data signal 425 when 
the ID generation enable signal 423 is “high” (an ID genera 
tion mode) and “low” (the normal mode), respectively. A 
selected signal from the selector 456 is outputted through a 
serial output buffer 458 to the next device (410-(i+1)) in the 
serial interconnection. 

0096. It is noted that the aforementioned selector 452 is 
shown for selecting a single bit of IDii or a single bit of 
IDi+1. Accordingly, there are n duplicate selectors to select 
the n-bit signal 451 or 447 and output the selected n-bit signal, 
in response to the DT match signal 449. 
0097. The ID generator 434 provides the ID signal 435 
containing the n-bit ID. IDii, to the ID register 431. In 
response to the ID write enable signal 433 from the device 
controller 430-i, the ID register 431 registers or latches the 
received ID. IDii, for the present device 410-i. The registered 
ID is held until powered-off. The ID register 431 is initially 
reset to the Zero state and thus, if no ID latch occurs, the ID 
register 431 will hold the Zero state. 
0098. With reference to FIG. 6A, for example, the above 
described ID generation process is completed by device 1's 
controller 430-1 at device 410-1 that is a NAND Flash 
memory device. The device controller 430-1 outputs the 
resulting device ID to device 2, 410-2, that is a NOR Flash 
memory device. Device 2's controller 430-2, located at 
device 410-2, performs the same operation as device 1's 
controller 430-1, transferring the resulting device ID to 
device 410-3. This process is repeated for all devices 410-1- 
410-5 in the serial interconnection, until the device ID has 
passed through all devices. 
0099 FIG. 7A shows a more detailed process for device 
ID generation with an additional function of skip or bypass. 
FIG. 7B shows part (step 500) of the ID generation method 
shown in FIG. 7A. Referring to FIGS. 6D, 7A and 7B, before 
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the ID generation process, the ID generation command and a 
device type DT. DTsi, are provided by the memory controller 
211 (see FIG. 6A) to all devices in the serial interconnection, 
so that all devices are ready for ID generation (step 511). In 
step 511, at each device, the DT clock generator 441 of the ID 
generator 434 generates the DT register clocks in response to 
the clock signal SCLK and the received DTsi is shifted into 
the DT register 439. Thus, the device type DTsi is held in the 
DT registers 439 of all devices. At each of the devices, the DT 
comparator 461 of the comparator 448 compares the held 
DTsi to the reference DT. DTref, corresponding to the device 
type (step 512) and if the values or numbers match between 
the DTsi and the DTref, a flag will be set (step 513). If no 
matches between the DTsi and the DTref no flag will be set. 
The flag set at step 513 is performed by registering a one-bit 
comparison result of the signal 465 in the comparison result 
register 463. Thereafter, the i-th device DVi starts the ID 
generation process (step 514). The device DVi (e.g., device 2) 
receives, from the previous device DV(i-1) (e.g., device 1), a 
device ID. IDii, and the received ID is held in the temporary 
ID register 440 (step 515). Then, it is determined whether the 
flag is set or not (step 516). If the flag is set (at step 513), i.e., 
a match between the DTsi and the DTref, the DT match signal 
449 will be “high” (step 517). This signal indicates to the 
device to store or latch the received device ID. IDii (step 518), 
thereby assigning or establishing the device ID for the present 
device, DVi. These operations are performed during the ID 
generation mode setting process. This will be later described 
with reference to FIG. 8B. 

0100. After step 518, the ID number or value is then 
altered by a "+1 operation (step 519), resulting in a new 
device ID. ID. The new device ID. ID, is converted to a serial 
signal (step 520) for transmission to the next device DV(i+1) 
(e.g., device 3) in the serial interconnection. As a result, the 
next device DV(i+1) receives the ID number, IDii. As the 
device DV(i+1) already received and held the device type 
DTsi in its DT register, the same ID generation process starts. 
01.01 If the values of the DTsi and the DTrefdo not match 
(a negative determination at step 512), then no flag is set and 
no DT determination result is registered, so that the DT match 
signal 449 is “low”. This signal indicates to the device not to 
store the received device ID number, IDii, with no adding 
operation (step 521), and to transfer the device ID number to 
the next device in the serial interconnection (step 520). Upon 
completion of step 520, the ID generation process at the 
device DViends (step 522). The process shown in FIG. 7B 
can be repeated at each device in the serial interconnection 
performing operations of steps 514-522. After the ID genera 
tion process ends at all devices, the ID generation mode 
operation ends, as the ID generation mode exit signal 422 is 
fed to the ID generator 434 (step 523). Thereafter, the system 
performs the function of data process in the normal mode 
(step 524). 
0102 Alternatively, steps 518 and 519 can be reversed, 
wherein the “new” device ID number (resulting from the "+1 
operation) is stored at a device register. As a result, the device 
ID established for the device is the resulting “new” device ID 
number instead of the received device ID number. Accord 
ingly, a memory controller may be configured to address the 
memory devices in the serial interconnection according to the 
device IDs established at each device. 

(0103) When each device in the serial interconnection has 
completed the process, all devices with a matching DT num 
ber have established a device ID (step 518), and all other 
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devices have refrained from establishing a device ID (step 
521). To establish device IDs for these other devices, the 
process can be repeated for all devices, wherein the device 
type DTsi is replaced with a value matching the device type 
number of some or all of the other devices. For example, a first 
process, with DTsind matching a NAND Flash device, could 
be completed at all devices, thereby establishing a device ID 
at each NAND Flash device in the serial interconnection. 
Afterwards, a second process, with DTsinr matching a NOR 
Flash device, could be completed at all devices, thereby 
establishing a device ID at each NOR Flash device in the 
serial interconnection. The process may be further repeated 
for other device types (e.g., DRAM, SRAM) in the serial 
interconnection. As a result, each device in the serial inter 
connection can be uniquely identified in Subsequent com 
mands by specifying the device ID and device type DT of that 
device. 

0104. In a case where the stored reference device type 
DTref of the DT number storage/provider 442 is chosen for 
the NAND Flash memory, the device type DT is “00h” (see 
Table 3 above). In the process shown in FIGS. 7A and 7B, (at 
step 516), devices 1,3 and 5 (410-1,410-3 and 410-5) deter 
mine that the DTsi"match' the stored DTref and thus, at step 
519, the +1 operation is performed for generating the next ID. 
In devices 2 and 4 (410-2 and 410-4) that are NOR Flash 
memories, the DT (“01h') do not match the chosen stored DT 
(the negative determination at step 516) and thus, no +1 
operation is performed (step 521). At “non-match devices, 
no ID registration (i.e., no ID latch) is performed and thus, the 
reset"Zero state' is maintained in the ID registers. The result 
ing latched IDs and generated IDs are shown in Table 4. 

TABLE 4 

DTNumber or Latched or Generated or 
Device Device Type Value Registered ID Bypassed ID 

410-1 NAND Flash OOh OOO 100 
410-2 NOR Flash 01h OOO 100 
410-3 NAND Flash OOh 100 O10 
410-4 NOR Flash 01h OOO O10 
410-5 NAND Flash OOh O10 110 

0105. In a case where the stored DT of the DT number 
storage/provider 442 is chosen for the NOR Flash memory, 
the DT is “01h” (see Table 3 above). In the process shown in 
FIGS. 7A and 7B, (at step 516), devices 2 and 4 (410-2 and 
410-4) determine that the DTsi"match” the stored DTrefand 
thus, the +1 operation (step 519) is performed for generating 
the next ID. In devices 1, 3 and 5 (410-1, 410-3 and 410-5) 
that are NAND Flash memories, the DTsi (“00h') does not 
match the chosen stored DTref (the negative determination at 
step 516) and thus, no +1 operation is performed (step 521). 
The resulting latched IDs and generated IDs are shown in 
Table 4. 
0106 Resulting device ID/device type assignment is 
shown in Table 5. 

TABLE 5 

DTNumber or Latched or Generated or 
Device Device Type Value Registered ID Bypassed ID 

410-1 NAND Flash OOh OOO OOO 
410-2 NOR Flash 01h OOO 100 
410-3 NAND Flash OOh OOO 100 
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TABLE 5-continued 

DTNumber or Latched or Generated or 
Device Device Type Value Registered ID Bypassed ID 

410-4 NOR Flash 01h 1OO O10 
410-5 NAND Flash OOh OOO O10 

0107 FIG. 8A shows the ID generation for NAND 
memory devices in a mixed-device serial interconnection. 
FIG. 8B shows signal timings for the ID generation of NAND 
memory devices shown in FIG. 8A. The configuration shown 
in FIG. 8A is similar to one shown in FIG. 6A. 
(0.108 Referring to FIGS. 8A and 8B, devices 1, 3 and 5 
(610-1, 610-3 and 610-5) are memory devices including 
NAND Flash memories 620-1, 620-3 and 620-5, respectively. 
Devices 2 and 4 (610-2 and 610-4) are memory devices 
including NOR Flash memories 620-2 and 620-4, respec 
tively. Each of five devices 610-1-610-5 includes a device 
controller (not shown) that is similar to the device controller 
430-i shown in FIG. 6B, which provides a skip function of ID 
generation. Operation of the serially interconnected devices 
of FIG. 8A is the same as one of the cases where the stored DT 
of the DT number storage/provider 442 is chosen for the 
NAND Flash memory. The resulting device ID/device type 
assignment is shown in Table 4 above. The device type match 
signals (e.g., the DT match signal 449 shown in FIG. 6D) in 
devices 1, 3 and 5 (610-1, 610-3 and 610-5) (NAND Flash 
devices) become “high” at determination times Todt1, Todt3 
and Todt5, respectively, as shown in FIG. 8B. However, the DT 
match signals in devices 2 and 4 do not become “high”. 
0109. The SI contains the device type DT (DTsi), the 
device identifier ID (initial ID ('000)) and a “write ID entry” 
command. In this example, the DT is DTnd for the NAND 
Flash memory and its DT number or code is 00h, as shown 
in Table 3. During the ID generation mode setting time period 
TCS1, by the “write ID entry' command, IPE catches input 
streams which consists of command bits, Device type bits, 
Device ID bits (initial '000). Thereafter, during TCS2 timing 
period, OPE catches an input stream, which consists of the 
same cycles as a total number of ID bits, e.g., three cycles. The 
ID bits are established by the size of an internal ID register. 
After the completion of the processes during the ID genera 
tion mode setting time period TCS1, the ID generation opera 
tion starts at time T1 and ends with an expiration of time 
period TIDG. With an expiration of one chip select cycle 
TCS2. TIDEX (e.g., five cycles or five rising edges of the 
clock pulse) after T2 the ID generation operation period 
TIDG expires at time T3. Devices 1, 3 and 5 provides the 
“high device type match signals at determination times Todt1. 
Tdt3 and Tat5, respectively. Devices 2 and 4 do not, however, 
provide “high” match signal. In response the “high DT 
match signals 449 (see FIG. 6D), devices 1, 3 and 5 write or 
latch the IDs “000, 100 and '010 and generate new IDs with 
+1 operation. 
0110 FIG.9A shows the ID generation of NOR memory 
devices in a mixed-device serial interconnection. FIG. 9B 
shows signal timings for the ID generation of the NOR 
memory devices in the mixed-device serial interconnection 
shown in FIG. 9A. The configuration shown in FIG. 9A is 
similar to one shown in FIG. 8A. 
0111 Referring to FIGS. 9A and 9B, devices 1, 3 and 5 
(710-1, 710-3 and 710-5) are memory devices including 
NAND Flash memories 720-1, 720-3, and 720-5. Devices 2 
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and 4 (710-2 and 710-4) are memory devices including NOR 
Flash memories 720-2 and 720-4. Each of five devices 710 
1-710-5 includes a device controller (not shown) that is simi 
lar to the device controller 430-i shown in FIG. 6B that 
provides a skip function of ID generation. Operation of the 
serially interconnected devices of FIG. 9A is the same as the 
case where the stored DT of the DT number storage/provider 
442 is chosen for the NOR Flash memory, DTnr, the number 
or code of which is 01 h, as shown in Table 3. The resulting 
device ID/device type assignment is shown in Table 5 above. 
The device type match signals (e.g., the DT match signal 449 
shown in FIG.6D) in devices 2 and 4 (710-2 and 710-4) (NOR 
Flash devices) become “high at determination times Tat? 
and Todt4, respectively, as shown in FIG.9B. In response to the 
“high device type match signals, devices 2 and 4 latch the 
IDs 000 and 100 and generate new IDs with +1 operation. 
However, the DT match signals in devices 1, 3 and 5 do not 
become “high”. 
0112 FIG. 10 illustrates another example of the ID gen 
erator. The generator is similar to that of FIG. 6D. A differ 
ence is that an ID generation control signal 821, instead of the 
ID generation control signal 421, is fed to the comparator 448. 
The ID generation control signal 821 is fed in response to the 
output port enable signal OPE, so that the DT comparator 461 
of the comparator 448 is activated at time Tdtai, after the OPE 
is enabled, to perform the device type comparison function. 
0113 FIG. 11 shows the signals for the ID generation in 
the serial interconnection arrangement to where the ID gen 
erator 834 shown in FIG. 10 is applied. FIG. 12A shows an ID 
generation method performed by the ID generator shown in 
FIG. 10. FIG.12B shows part (step 900) of the ID generation 
method of FIG. 12A. 

0114) Referring to FIGS. 10, 11, 12A and 12B, before the 
ID generation process, the ID generation command and a 
device type DT. DTsi, are provided by the memory controller 
to all devices in the serial interconnection, so that all devices 
are ready for ID generation (step 911). In step 911, at each 
device, the device type DTsi is held in the DT register 439 in 
response to the DT register clocks from the DT clock genera 
tor 441. Thereafter, the i-th device DVi starts the ID genera 
tion process (step 912). The device DVi (e.g., device 2) 
receives, from the previous device DV(i-1) (e.g., device 1), a 
device ID. IDii, and the received ID is held in the temporary 
ID register 440 (step 913). In response to the ID generation 
control signal 821, the DT comparator 461 compares the 
previously received DTsi held in the register 439 to a refer 
ence DTrefcorresponding to the device type (step 914). In the 
case of a match between DTsi and DTref, the comparison 
result of “match’ is registered in the comparison result reg 
ister 463 and the DT match signal is “high” (step 915). The ID 
register 431 latches the received device ID. IDii (step 916), 
thereby establishing the device ID for the present device, DVi. 
After step 916, the ID number is altered by a "+1 operation 
(step 917), resulting in a new device ID. ID. The new device 
ID. ID, is converted to a serial signal for transmission to the 
next device DV(i+1) (e.g., device 3) in the serial interconnec 
tion (step 918). As a result, the next device DV(i+1) receives 
the ID number, IDii. As the device DV(i+1) already received 
and held the device type DTsi in its DT register, the same ID 
generation process is performed. 
0115. If there is no match between the DTsi and the DTref 
(a negative determination at step 914), the DT match signal 
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will be “low”. The device does not store the received device 
ID number, IDii, with no adding operation (step 919). The 
non-altered IDii, as a new ID, is transferred to the next device 
(step 918). Upon completion of step 918, the ID generation 
process at the device DViends (step 920). The process shown 
in FIG. 11 can be repeated at each device in the serial inter 
connection. After the ID generation process ends at all 
devices, the ID generation mode operation ends, as the ID 
generation mode exit signal 422 is fed to the ID generator 834 
(step 921). Thereafter, the system performs the function of 
data process in the normal mode (step 922). 
0116 FIG. 13 shows another example of the ID generator. 
The ID generator is similar to that of FIG. 6D. A difference is 
that the ID generator 934 of FIG. 13 has a subtractor 950, 
instead of the adder 450 of FIG. 6D. The Subtractor 950 
performs the subtraction of one from the received ID. IDii, to 
provide a subtracted signal 951 to the selector 452. With such 
a subtraction, consecutive IDs from high to low are estab 
lished. 

0117 There are variations to the above-described embodi 
ments. The configuration of the devices 120-1-120-4 in FIG. 
1A may include both a serial interconnection (e.g., an input 
SIP and an output SOP) and conventional multi-drop connec 
tions (e.g., the clock signal SCLK and the chip select signal 
/SCS). Thus, the configuration may be referred to as a hybrid 
of serial interconnection and multi-drop configurations, 
where the advantages of each may be realized. Alternatively, 
embodiments of the techniques described herein may be 
implemented in serial, parallel, multi-drop or other connec 
tions, and combinations thereof, between devices. 
0118. In the above-described embodiments, the operation 
has been described based on the active “high signals for the 
purpose of simplicity. They may be designed to perform the 
operation based on the “low” active signals, in accordance 
with a design preference. The control signals may have two 
bytes or more than two bytes in accordance with operation 
code assignment. Timing control can be changed from the 
sequential and multiple clocks enabled by command type to 
the single clock with additional control signals to activate the 
selected serial registers. The sequence of issuing multiple 
clocks can be varied in accordance with the specification of 
timing, arrangement of addresses, and the length of 
addresses. As mentioned before, it can apply the serial Flash 
memory or a product with serial input bit stream control. 
0119. In the embodiments 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 present invention to apparatus, devices, elements, cir 
cuits, etc., they may be connected directly to each other. As 
well, devices, elements, circuits etc., may be connected indi 
rectly to each other through other devices, elements, circuits, 
interfaces, etc., necessary for operation of the apparatus. 
Thus, in actual configuration, the elements and devices are 
directly or indirectly coupled with or connected to each other. 
0.120. It is apparent to those of ordinary skill in the art that 
the ID generators or producers, the controllers, the processors 
and the other device elements and the memory controllers 
may beachieved by hardware and software. 
I0121 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. A system comprising a plurality of memory devices 

including at least first and second devices in a serial intercon 
nection configuration, the first device having serial input and 
output connections, the second device having a serial input 
connection, the serial input connection of the first device 
being coupled to a serial output connection of a previous 
device, the serial output connection of the first device being 
coupled to the serial input connection of the second device, 
the first device comprising: 

a receiver for receiving a device identifier (ID) and a device 
type (DT) through the serial input connection thereof; 

a determiner for determining the device type from the 
received DT and 

an ID assignor for assigning an ID in response to a deter 
mination result. 

2. The system of claim 1, wherein the ID assignor com 
prises: 

a calculator for performing the calculation of the ID based 
on the received ID and a pre-defined value. 

3. The system of claim 2, wherein the first device further 
comprises: 

a device information provider for providing DT informa 
tion (DTI) of the first device. 

4. The system of claim 3, wherein the determiner com 
prises: 

a comparator for comparing the received DT to the pro 
vided DTI to provide the determination result. 

5. The system of claim 4, wherein the ID assignor further 
comprises: 

a selector for selecting one of the calculated ID and the 
received ID in response to the determination result from 
the comparator, the selected ID being outputted through 
the output connection of the device. 

6. The system of claim 5, wherein the receiver comprises: 
a holder for holding the received ID and DT, the held ID 

and DT being provided to the calculator and the com 
parator, respectively. 

7. The system of claim 6, wherein the holder comprises: 
a first serial to parallel holder for holding the received ID in 

serial manner and outputting the held ID in parallel 
manner, and 

a second serial to parallel holder for holding the received 
DT in serial manner and outputting the held DT in par 
allel manner. 

8. The system of claim 7, wherein the ID assignor further 
comprises: 

a parallel to serial holder for holding the selected ID in 
parallel manner and outputting it in serial manner. 

9. The system of claim 8, wherein the device information 
provider comprises: 

an information storage for storing the DTI on types of the 
plurality of memory devices, the DTI being provided in 
parallel manner to the comparator. 

10. The system of claim 9, wherein: 
the plurality of memory devices in the serial interconnec 

tion configuration comprises mixed type memory 
devices; and 

the information storage is capable of 
storing the DTI of the mixed type memory devices; and 
providing one of the DTI corresponding to a selected one 

of the memory devices. 
11. The system of claim 10, wherein the mixed type 

memory devices comprises: 
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more than one type of random access memories and Flash 
memories. 

12. The system of claim 5, wherein the first device further 
comprises: 

an ID holder for holding the received ID in response to the 
determination result. 

13. A method for assigning a device identifier at a first 
device coupled to a second device in a serial interconnection 
configuration, the first device having a serial input connection 
coupled to a serial output connection of a previous device in 
the serial interconnection configuration, the second device 
having a serial input connection coupled to a serial output 
connection of the first device, the method comprising: 

receiving a device identifier (ID) and a device type (DT) 
through the serial input connection of the first device; 

determining the DT of the device from the received DT; 
and 

providing an ID in response to a determination result. 
14. The method of claim 13, wherein the step of providing 

an ID comprises: 
performing a calculation of the received ID with a pre 

defined value to provide a calculated ID. 
15. The method of claim 14, further comprising: 
providing device type information (DTI) of the first device 

for the determination of the DT. 
16. The method of claim 15, wherein: 
the step of determining the DT comprises: 

comparing the DT with the provided DTI to provide the 
determination result; and 

the step of providing the ID further comprises: 
selecting one of the received ID and the calculated ID 

depending upon the determination result. 
17. The method of claim 16, wherein the step of receiving 

the ID and DT comprises: 
holding the received ID and DT in serial manner; and 
outputting each of the held ID and DT in parallel manner, 

thereby providing the ID and DT separately for calcu 
lating the ID and for selecting one of the received ID and 
the calculated ID, respectively. 

18. The method of claim 17, wherein the step of providing 
DTI further comprises: 

storing the DTI on types of the plurality of different 
memory devices; and 

providing the DTI as a reference DT for the determination 
of the device type. 

19. The method of claim 16, wherein the step of providing 
an ID further comprises: 

outputting the selected ID as a new ID through the output 
connection of the first device; and 

holding the received ID as an assigned ID to the first device 
in response to the determination result. 

20. An apparatus for producing a device identifier at a first 
device coupled to a second device in a serial interconnection 
configuration, the first device having a serial input connection 
coupled to a serial output connection of a previous device in 
the serial interconnection configuration, the second device 
having a serial input connection coupled to a serial output 
connection of the first device, the apparatus comprising: 

a receiver for receiving a device identifier (ID) and a device 
type (DT) through the serial input connection of the first 
device; 

a determiner for determining the DT of the first device from 
the received DT; and 
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an ID producer for producing an ID in response to a deter 
mination result. 

21. The apparatus of claim 20, wherein the ID producer 
comprises: 

a calculator for performing the calculation of the received 
ID with a pre-defined value. 

22. The apparatus of claim 21, further comprising: 
a device type provider for providing device type informa 

tion (DTI) of the device. 
23. The apparatus of claim 22, wherein: 
the determiner comprises: 

a comparator for comparing the received DT with the 
provided DTI to provide the determination result; and 

the ID producer further comprises: 
a selector for selecting the received ID or the calculated 
ID depending upon the determination result, the 
selected ID being outputted through the output con 
nection of the first device. 

24. The apparatus of claim 23, wherein the receiver com 
prises: 

a register for registering the received ID and DT in serial 
manner, and 

an output provider for outputting each of the registered ID 
and DT in parallel manner, thereby providing the ID and 
DT separately for calculating the ID and for selecting the 
received ID or the calculated ID, respectively. 

25. The apparatus of claim 24, further comprising: 
a storage for storing the DTI on the types of the plurality of 
memory devices; and 

a provider for providing the DTI for the determination. 
26. A method for determining a device identifier of one of 

a plurality of devices in a serial interconnection configura 
tion, the method comprising: 

receiving a first value corresponding to a device identifier 
(ID) and a second value corresponding to a device type 
(DT): 

comparing the second value to a device type number 
(DTN) stored at a first device; and 

producing a match signal that indicates whether the second 
value corresponds to the DTN. 

27. The method of claim 26, further comprising: 
generating an ID responsive to the received ID; and 
selecting one of the received ID and the generated ID in 

response to the match signal, thereby outputting a 
selected ID. 

28. The method of claim 27, further comprising: 
transmitting a signal corresponding to the selected ID to a 

second device. 
29. The method of claim 27, further comprising: 
writing the generated ID to an ID register at the first device 

in response to the match signal. 
30. The method of claim 27, further comprising: 
writing the received ID to an ID register at the first device 

in response to the match signal. 
31. An apparatus for assigning a device identifier for use in 

a plurality of mixed type memory devices in a serial intercon 
nection configuration, a first device having a serial input 
connection coupled to a serial output connection of a previous 
device, a second device having a serial input connection 
coupled to a serial output connection of the first device, the 
apparatus comprising: 

a determiner for determining a received device type based 
on a device type (DT) in the serial interconnection con 
figuration; and 
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an ID producer for producing a device identifier (ID) in 
response to a determination result. 

32. The apparatus of claim 31, further comprising: 
a receiver for receiving the ID and the DT provided through 

the serial input connection of the device. 
33. The apparatus of claim 32, wherein the ID producer 

comprises: 
a calculator for performing the calculation of the received 

ID with a pre-defined value. 
34. The apparatus of claim 33, wherein the calculator com 

prises: 
an adder for adding one to the value of the received ID. 
35. The apparatus of claim 33, wherein the calculator com 

prises: 
a subtractor for subtracting one from the value of the 

received ID. 
36. The apparatus of claim 33, further comprising: 
a device information provider for providing device type 

information (DTI) of the plurality of mixed type 
memory devices. 

37. The apparatus of claim 36, wherein: 
the determiner comprises: 

a comparator for comparing the DT with the provided 
DTI to provide the determination result; and 

the ID producer comprises: 
a selector for selecting the received ID or the calculated 
ID depending upon the determination result, the 
selected ID being outputted through the output con 
nection of the device. 

38. The apparatus of claim 37, wherein the device infor 
mation provider comprises: 

a storage for storing the device type information of the 
plurality of mixed type memory devices and providing 
the device type information corresponding to a selected 
one of the plurality of the mixed type memory devices, 
the device type information of the memory devices 
being mixed. 

39. The apparatus of claim 38, wherein the storage com 
prises: 

device type information of the memory devices of mixed 
type of DRAM, SRAM, MRAM and NAND-, NOR 
and AND-type Flash memories. 

40. A method for assigning a device identifier at a first 
device coupled to a second device in a serial interconnection 
configuration, the first device having a serial input connection 
coupled to a serial output connection of a previous device in 
the serial interconnection configuration, the second device 
having a serial input connection coupled to a serial output 
connection of the first device, the method comprising: 

receiving a device type (DT) through the serial input con 
nection of the first device; 

determining the DT of the device from the received DT; 
receiving a device identifier (ID) through the serial input 

connection of the first device; and 
producing an ID in response to the determination result. 
41. The method of claim 40, further comprising: 
holding the received DT; and 
holding the received ID. 
42. The method of claim 41, wherein the step of determin 

ing the DT comprises: 
providing a reference DT of the device, the reference DT 

being compared with the held DT to provide the deter 
mination result. 
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43. The method of claim 42, wherein the step of producing 
the DT comprises: 

in response to the determination result, performing a cal 
culation of the received ID with a pre-defined value to 
provide a calculated ID. 

44. The method of claim 43, wherein the step of producing 
comprises: 

selecting the held ID or the calculated ID depending upon 
the determination result, the selected ID being outputted 
as a new ID through the output connection of the device. 

45. A method for assigning a device identifier for a plurality 
of mixed type memory devices in a serial interconnection 
configuration, a first device having a serial input connection 
coupled to a serial output connection of a previous device, a 
second device having a serial input connection coupled to a 
serial output connection of the first device, the method com 
prising: 

receiving a device type (DT); 
holding the received DT at each of the devices; 
determining whether the DT matches a reference DT asso 

ciated with each of the devices; 
providing a device identifier (ID) to one of the devices, 

through the serial input connection of that device; and 
at the device wherein the ID is provided, conducting an ID 

assignment in response to the determination result at that 
device. 

46. The method of claim 45, wherein the step of providing 
the ID comprises: 

providing the DT to the devices by serially transferring it 
from one device to a last device. 

47. The method of claim 46, wherein: 
the step of holding the received DT is performed after the 

step of providing the DT; 
the step of determining the match is performed before the 

step of conducting the ID assignment at all of the 
devices; and 

at each of the devices, the step of conducting the ID assign 
ment is performed based on the previous determination 
result. 

48. The method of claim 46, wherein: 
the step of holding the received DT is performed after the 

step of providing the DT; 
the step of determining the match is performed at each of 

the devices based on the provided and held DT; and 
the step of conducting the ID assignment is performed at 

each of the devices in response to the determination 
result. 

49. The method of claim 45, wherein, at the device wherein 
the ID is provided, the step of conducting the ID assignment 
comprises. 
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performing the calculation of the ID based on the provided 
ID and a pre-defined value; and 

passing the provided ID without altering it. 
50. The method of claim 49, wherein, at the device wherein 

the ID is provided, the step of conducting the ID assignment 
further comprises: 

outputting the calculated ID for another device; and 
outputting the non-altered ID for that device. 
51. The method of claim 49, wherein, at the device wherein 

the ID is provided, the step of conducting the ID assignment 
further comprises: 

outputting the calculated ID for that device; and 
outputting the non-altered ID for another device. 
52. A system comprising: 
a control signal provider for providing control signals; and 
a plurality of memory devices in a serial interconnection 

configuration, a first device having a serial input con 
nection coupled to a serial output connection of a previ 
ous device, a second device having a serial input con 
nection coupled to a serial output connection of the first 
device, the devices being controlled in responding to the 
control signals. 

53. The system of claim 52, wherein at least one of the 
devices comprises: 

a receiver for receiving a device identifier (ID) and a device 
type (DT) through the serial input connection of the 
device; 

a determiner for determining the device type from the 
received DT; and 

an ID assignor for assigning an ID in response to a deter 
mination result. 

54. The system of claim 53, wherein the ID assignor of the 
device comprises: 

a calculator for performing the calculation of the ID based 
on the received ID and a pre-defined value. 

55. The system of claim 53, wherein the one of the devices 
further comprises: 

a device information provider for providing DT informa 
tion (DTI) of the device. 

56. The system of claim 55, wherein the determiner com 
prises: 

a comparator for comparing the received DT to the pro 
vided DTI to provide the determination result. 

57. The system of claim 56, wherein the ID assignor of the 
device further comprises: 

a selector for selecting the calculated ID or the received ID 
in response to the determination result from the com 
parator, the selected ID being outputted through the 
output connection of the device. 
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