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A system includes a plurality of memory devices connected 
in-series that communicate With a memory controller. A 
memory device designated by an ID number performs opera 
tions at a normal poWer consumption level. The other devices 
not designated perform signal forwarding operations at a 
reduced poWer consumption level. The designated memory 
device enables its internal clock generator to generate all 
clocks necessary for operations. The non-designated memory 
devices generate clocks to perform partial operations for for 
Warding commands to next memory devices. In another 
example, memory devices do not forWard the input command 
to the next memory device When there is no ID match. In 
another example, a memory device transmits the command 
replacing the content thereof With a static output When there 
is an ID match. Such partial clock generation, non-forward 
ing of commands and replacing the command contents Will 
cause the system to operate at the reduced poWer consump 
tion level. 
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SEMICONDUCTOR DEVICE AND METHOD 
FOR REDUCING POWER CONSUMPTION IN 
A SYSTEM HAVING INTERCONNECTED 

DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of priority from 
US. Provisional Patent Application No. 60/902,003 ?led 
Feb. 16, 2007; US. Provisional Patent Application No. 
60/891,108 ?led Feb. 22, 2007; and US. Provisional Patent 
Application No. 60/943,442 ?led Jun. 12, 2007, the he dis 
closures of Which are expressly incorporated herein by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to semicon 
ductor devices. More particularly, the present invention 
relates to a system having an arrangement having a plurality 
of semiconductor devices. 

BACKGROUND OF THE INVENTION 

[0003] PoWer consumption control is important in memory 
and system design, and there are potential bene?ts in reducing 
poWer consumption. For instance, a memory system that is 
battery-poWered bene?ts from a longer battery life if poWer 
consumption by the memory system is reduced. There also 
are bene?ts in reducing poWer consumption for a memory 
system that is not battery-powered. For instance, reducing 
poWer consumption in a main logic system reduces electric 
currents and voltages thereby reducing heat generation dur 
ing active operation. 
[0004] Most memory systems utiliZe a multi-drop connec 
tion betWeen the memory controller and multiple memory 
devices to increase the memory density on the system board 
and at the package level. HoWever, this approach does not 
guarantee good signal integrity and enough timing margin in 
high speed applications, for example, over 100 MHZ fre 
quency. Therefore, there is a need for an alternative memory 
system architecture that achieves acceptable signal integrity 
for high speed applications. Such an alternative has been 
found in architectures that feature multiple devices that are 
serially interconnected. In such an architecture, a memory 
controller is connected to a ?rst memory device With a link, 
and that memory device is connected to a next memory device 
With another link and so on. The use of links betWeen devices 
overcomes some of the problems With signal integrity for 
high speed applications. HoWever, unlike a multi-drop archi 
tecture, Where speci?c devices can be activated While remain 
ing devices are passive, all of the devices in a serially inter 
connected architecture are active because they must be 
available to pass signals on to the next device in the serial 
interconnection. 

SUMMARY OF THE INVENTION 

[0005] In accordance With one aspect of the present inven 
tion, there is provided a semiconductor device for use in a 
serial interconnection arrangement of semiconductor 
devices. The semiconductor device comprises: command cir 
cuitry for receiving commands and forWarding at least some 
of the commands; and core circuitry con?gured to operate 
With normal poWer consumption for those commands that are 
addressed to the semiconductor device, and operate With 
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reduced poWer consumption for those commands that are not 
addressed to the semiconductor device. 

[0006] For example, each command comprises an ID num 
ber. The semiconductor device may further comprise a deter 
miner for determining for each command if the command is 
addressed to the semiconductor device based on the ID num 
ber of the command and the device address of the semicon 
ductor device. The core circuitry may comprise an internal 
clock producer for producing at least one clock for processing 
commands. The internal clock producer may be enabled upon 
determining that the ID number of the command matches the 
device address of the semiconductor device, the core circuitry 
thereby operating With the normal poWer consumption. The 
internal clock producer may be disabled upon determining 
that the ID number of the command does not match the device 
address of the semiconductor device, the core circuitry 
thereby operating With the reduced poWer consumption. 
[0007] The command may further include an OP code. The 
internal clock producer may include an OP code clock pro 
ducer for producing an OP code clock if the ID number of the 
command matches the device address of the semiconductor 
device. The OP code clock facilitates processing of an OP 
code of the command. 

[0008] The core circuitry may provide a read output that is 
a substantially static output comprising an output from the 
memory that is generated While a read operation is not in 
progress. 

[0009] According to another broad aspect of the invention, 
there is provided a method in a semiconductor device of a 
serial interconnection arrangement of semiconductor 
devices. The method comprises: receiving commands and 
forWarding at least some of the commands at the semicon 
ductor device; operating the semiconductor device With nor 
mal poWer consumption for those commands that are 
addressed to the semiconductor device; and operating the 
semiconductor device With reduced poWer consumption for 
those commands that are not addressed to that semiconductor 
device. 

[0010] According to another broad aspect of the invention, 
there is provided a system comprising: a controller; and a 
plurality of semiconductor devices connected in-series, one 
of the semiconductor devices being connected to the control 
ler. Each of the semiconductor devices includes: command 
circuitry for receiving commands and forWarding at least 
some of the commands; and core circuitry con?gured to oper 
ate With normal poWer consumption for those commands that 
are addressed to the semiconductor device, and operates With 
reduced poWer consumption for those commands that are not 
addressed to the semiconductor device. 

[0011] According to an embodiment of the present inven 
tion, there is provided a system having a memory controller 
and a plurality of memory devices connected in-series that 
communicate With the memory controller. A memory device 
designated by an ID number performs operations at a normal 
poWer consumption level. The other devices that are not des 
ignated perform signal forWarding operations at a reduced 
poWer consumption level. The designated memory device 
enables its internal clock generator to generate all clocks 
necessary for operations. HoWever, in the non-designated 
memory devices, their internal clock generators generate 
clocks to perform partial operations for forWarding com 
mands to next memory devices. Such partial operations are 
performed at the reduced poWer consumption level. 



US 2008/0201588 A1 

[0012] A memory device according to another embodiment 
of the present invention does not forward the input command 
to the next memory device When there is an ID match. There 
fore, the memory devices that do not receive the command 
Will not perform operations at the normal poWer consumption 
level, With the result that the poWer consumption by the 
system Will be reduced. 
[0013] A memory device according to another embodiment 
of the present invention transmits the command replacing the 
content thereof With a static output. Therefore, the memory 
devices that receive such commands With replacements per 
form operations at the reduced poWer consumption level, With 
the result that the poWer consumption by the system Will be 
reduced. 

[0014] Examples of the semiconductor devices are proces 
sors and memory devices that may operate With different 
poWer consumption levels. The memory devices may be vola 
tile memory devices (e.g., random accesses memories) or 
non-volatile memory devices (e. g., ?ash devices). 
[0015] 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 speci?c embodi 
ments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Embodiments Will noW be described With reference 
to the attached draWings in Which: 
[0017] FIG. 1 is a block diagram of a serial interconnection 
arrangement of a plurality of memory devices, to Which 
embodiments of the present invention are applicable; 
[0018] FIG. 2 is a block diagram ofa system having series 
connected memory devices, to Which embodiments of the 
present invention are applicable; 
[0019] FIG. 3 is a schematic of example command formats 
for the system as shoWn in FIG. 2; 

[0020] FIG. 4 is a block diagram shoWing part of the series 
connected memory devices shoWn in FIG. 2; 

[0021] FIG. 5 is a block diagram shoWing details of one of 
the memory devices shoWn in FIG. 2; 
[0022] FIG. 6 is a schematic shoWing a command inter 
preter shoWn in FIG. 5; 
[0023] FIG. 7 is a block diagram shoWing an internal clock 
generator shoWn in FIG. 5; 
[0024] FIGS. 8A, 8B are block diagrams shoWing details of 
the internal clock generator shoWn in FIG. 7; 

[0025] FIGS. 9A, 9B are signaling diagrams for example 
signals in the circuitry shoWn in FIG. 6; 
[0026] FIGS. 10A, 10B are signaling diagrams of example 
signals in the circuitry shoWn in FIG. 5; 
[0027] FIG. 11 is a block diagram of a system having 
memory devices that are connected in-series; 

[0028] FIG. 12 is a block diagram of the system in Which 
details of the common operation path are provided; 

[0029] FIG. 13 is a signaling diagram of example signals in 
the system shoWn in FIG. 12; 
[0030] FIG. 14 is a schematic of example circuitry of a 
memory device for implementing a command truncation fea 
ture; 
[0031] FIG. 15 is a signaling diagram ofexample signals in 
the circuitry shoWn in FIG. 14; and 
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[0032] FIG. 16 is a graph illustrating an example correla 
tion betWeen a selected device number and poWer consump 
tion With the truncation feature. 

DETAILED DESCRIPTION 

[0033] In the folloWing detailed description of sample 
embodiments of the invention, reference is made to the 
accompanying draWings Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c sample 
embodiments in Which the present invention may be prac 
ticed. These embodiments are described in su?icient detail to 
enable those skilled in the art to practice the present invention, 
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 
present invention. The folloWing detailed description is, 
therefore, not to be taken in a limiting sense, and the scope of 
the present invention is de?ned by the appended claims. 
[0034] The present invention relates generally to a system 
having an arrangement including a plurality of semiconduc 
tor devices. The devices may operate With different poWer 
consumption levels. Examples of the semiconductor devices 
are processors and memory devices that may operate With 
different poWer consumption levels. The memory devices 
may be volatile memory devices (e.g., random accesses 
memories) or non-volatile memory devices (e.g., ?ash 
devices). 
[0035] Examples of detailed system architectures that 
employ multiple devices connected in-series are provided in 
commonly assigned and co-pending US. patent application 
Ser. No. 11/594,564 entitled “Daisy Chain Cascading 
Devices” ?led Jul. 31, 2006, the disclosure of Which is hereby 
incorporated by reference in its entirety. Other example 
details of series-connected memory devices are provided in 
United States Provisional Patent Application No. 60/868,773 
entitled “System and Method of Operating Memory Devices 
of Varying Type” ?led Dec. 6, 2006, the disclosure of Which 
is hereby incorporated by reference in its entirety. 
[0036] Examples described herein can ?nd application in 
serial interconnections having a plurality of devices con 
nected in-series. More generally, the embodiments described 
herein can ?nd application in system architectures employing 
serial interconnection con?gurations having a plurality of 
semiconductor devices connected in-series by serial links or 
parallel links. Serial interconnection arrangements form a 
subset of architectures in Which devices are connected 
together in-series With serial or parallel links. An overvieW of 
the system architecture having series-connected memory 
devices is provided beloW With reference to FIG. 1. 
[0037] FIG. 1 shoWs a serial interconnection arrangement 
of a plurality of memory devices that are connected in-series. 
Referring to FIG. 1, an arrangement 110 includes N memory 
devices 130-1, 130-2, 130-3, - - - , 130-N that are connected 

in-series, N being an integer greater than one. A memory 
controller (not shoWn) sends a group of signals of data and 
information to the memory devices of the arrangement 110. 
Data or information to be processed is sent to the ?rst device 
130-1 and propagated through the devices of the series-con 
nected devices. In one implementation, the output of the last 
device 130-N is open. In another implementation, the output 
of the last (N -th) device 130-N is connected to the memory 
controller, so that the memory controller can use the feedback 
data from the last device 130-N. 






















