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SEMICONDUCTOR DEVICE AND TIMING
CONTROL METHOD FOR THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2007-279520,
filed on Oct. 26, 2007/, the disclosure of which 1s incorpo-
rated herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
and a timing control method for the same, and 1n particular
to a semiconductor device including an internal circuit
connected to a power supply via a source transistor as well
as to a timing control method for such a semiconductor
device.

The recent development of semiconductor memories has
decreased the operating voltage while having increased the
operating Irequency. In LPDDR2-SDRAMs (Low Power
Double Data Rate2 Synchronous Dynamic Random Access
Memories) (hereafter, referred to simply as LPDDR2), for
example, the power supply voltage of a peripheral circuit 1s
1.2V and the operating frequency 1s 667 MHz.

In order to realize rapid operation, the Vt (threshold
voltage) of transistors used in peripheral circuits has been
lowered and, as a result, increase 1n off-current has become
impossible to disregard. In order to solve this, a source
transistor 1s provided between an internal circuit and a
power supply so that the internal circuit 1s activated only
when necessary. This type of technique 1s described for
example 1n Japanese Laid-Open Patent Publication No.
2000-195254.

Further, a technique i1s also employed to activate an
internal circuit 1 response to command signals so that the
internal circuit 1s activated only when necessary. This type
of technique 1s described for example 1n Japanese Laid-

Open Patent Publication No. 2002-74933.

SUMMARY OF THE INVENTION

One of known semiconductor devices, namely a DDR2-
SDRAM (hereatter, referred to simply as “DDR2”) employs
a method 1n which a source transistor 1s arranged between a
memory control circuit and a power supply, and the source
transistor 1s turned OFF when the memory control circuit 1s
in the standby state to reduce off-current of the memory
control circuit.

According to this method, however, the source transistor
must be turned ON before a command 1s iput to the
memory control circuit. Moreover, 1n order to ensure stable
operation of the memory control circuit, there must be a
suflicient time difference (operating margin) between a
switching timing of the source transistor and a command
input timing.

The present inventors have recognized that the increased
operation speed 1s a cause of difliculty in achieving a
suflicient operating margin. The inventors have also recog-
nized that the current consumption will be increased if
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2

simply the source transistor switching timing 1s made earlier
in order to assure a suflicient operating margin.

The present invention seeks to solve one or more of the
above-described problems.

In one embodiment, there 1s provided a semiconductor
device that includes a power-supply control portion for
supplying power to an internal circuit 1n response to an input
signal synchronized with rising of clock; and a latch portion
for latching the input signal in synchronization with falling
of the clock to supply the mput signal to the internal circuit.

According to the embodiment, a source transistor serving
as the power supply control portion 1s turned ON 1in response
to the rising of clock, and then a command signal as the input
signal 1s supplied to the internal circuit in response to the
falling of the clock. This assures a suflicient operating
margin, and enables the semiconductor device to operate at
an even higher speed. Further, the embodiment, which
assures the suflicient operating margin, eliminates the need
of turning the power supply control portion ON 1n a previous
cycle. Accordingly, the current consumption can be reduced.

In another embodiment, there 1s provided a timing control
method for a semiconductor device that including supplying
power to an internal circuit in response to an input signal
synchronized with rising of clock; and latching the input

signal 1n synchronization with falling of the clock to supply
the 1put signal to the internal circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present mven-
tion will be more apparent from the following description of
certain preferred embodiments taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a block diagram showing a principal part of a
known semiconductor device;

FIG. 2 1s a timing chart for explaining operation of the
semiconductor device shown 1n FIG. 1;

FIG. 3 1s a block diagram showing a principal part of a
semiconductor device according to a first embodiment of the
present 1nvention;

FIG. 4 1s a ttiming chart for explaining operation of the
semiconductor device shown in FIG. 3; and

FIG. 5 15 a block diagram showing a principal part of a
semiconductor device according to a second embodiment of
the present invention.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Betfore describing of the present invention, the prior art
will be explained in detail with reference to FIGS. 1 and 2
in order to facilitate the understanding of the present inven-
tion.

In a DDR2, as shown 1n FIG. 1, a pull-up source transistor
103 1s connected between a main power-supply line 101 and
an auxiliary power-supply line 102, and a pull-down source
transistor 106 1s connected between a main ground line 104
and an auxiliary ground line 105. This configuration is such
that the source transistor 1s turned ON by using a source
transistor control signal before mputting a memory opera-
tion control signal to a memory control circuit 107.

FIG. 2 1s a timing chart showing operation timings of the
DDR2. As shown 1n FIG. 2, if a RAS signal 15 at a low level
at the rising timing of clock CK, an Active command 1s
generated as an internal command signal, whereas 11 a CAS
signal 1s at a low level, a Read/Write command 1s generated.
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The Active command 1s supplied to a RAS control circuit.
The source transistor control signal i1s supplied to a RAS
control circuit source transistor so that the RAS control
circuit source transistor 1s turned ON before the Active
command 1s mput to the RAS control circuit. The Read/
Write command 1s supplied to CAS control circuits 1 and 2.
A source transistor control signal 1s supplied to source
transistors of the CAS control circuits 1 and 2 so that the
source transistors of the CAS control circuits 1 and 2 are

turned ON belfore the Read/Write command 1s mput to the
CAS control circuits 1 and 2.

In the DDR2 as described above, all the control operations
are specified based on the rising of clock. This makes 1t
impossible to provide a suflicient difference (operating mar-
ogin M1, M3) between the source transistor switching timing
and the command 1nput timing. Theretfore, 11 the clock cycle
1s shortened to enable the DDR2 to perform rapid operation,
the internal circuit cannot be activated before input of a
command signal.

Since the internal circuit cannot be activated before input
of a Read/Write command, the CAS control circuit 1 1s
designed such that the source transistor 1s turned ON 1n
response to an Active command 1n a previous cycle. In this
case, a sullicient difference (operating margin M2) can be
ensured between the source transistor switching timing and
the command mput timing. However, off-current will flow
through the internal circuit during the period of the operating
margin M2, resulting in increase of the current consumption.

As described above, no known semiconductor devices can
assure a suflicient operating margin and thus it 1s difhicult to
achieve rapid operation. Further, in the case of known
semiconductor devices, the attempt to assure a suilicient
operating margin will increase the current consumption.

Semiconductor devices according to exemplary embodi-
ments of the present mnvention will be described 1n detail
with reference to the accompanying drawings. Description
herein will be made on the assumption that the semicon-
ductor devices are a semiconductor memory device such as
a LPDDR2-SDRAM (LPDDR2) or DDR2.

FIG. 3 1s a block diagram showing a memory control unit
and source transistor control unit of a semiconductor device
according to a first embodiment of the present invention.

The memory control unit has a command decode portion
(command decoder) 11, a fall command latch portion (fall
command latch) 12, and a memory operation control portion
(RAS/CAS control) 13.

The source transistor control unit has a driver portion
(Source Tr. Driver) 14 and a source transistor portion
(Source Ir) 15.

The command decode portion 11 operates as input means
(or an input portion) for the memory operation control
portion 13. Specifically, the command decode portion 11
decodes a memory operation control command input to
command pins CAQ TO CA9 and outputs an internal com-
mand signal 1 synchronization with a first clock PCLK-
MRB.

The fall command latch portion (D latch) 12 latches the
internal command signal received from the command
decode portion 11 1n synchronization with a second clock
PCLKMEFB and supplies the latched signal to the memory
operation control portion 13. This means that the fall com-
mand latch portion 12 functions as latch means (or a latch
portion).

The memory operation control portion 13 performs a
predetermined memory control operation (e.g., an address
input) 1n accordance with the mput internal command signal.
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The driver portion 14 has a pair of drivers (pull-up and
pull-down drivers) associated with a pair of source transis-
tors forming the source transistor portion 15. These drivers
drive the corresponding source transistors, respectively, 1n
response to an internal command signal supplied by the
command decode portion 11. This means that these drivers
function as drive means (or drive portions).

As described above, the source transistor portion 15 1is
composed of a pair of source transistors. One of the source
transistors (pull-up source transistor) 1s connected between
a main power-supply line and an auxiliary power-supply
line, while the other source transistor (pull-down source
transistor) 1s connected between a main ground line and an
auxiliary ground line. The main power-supply line 1s sup-
plied with an external power supply voltage VPERI, and the
main ground line 1s supplied with an external ground voltage
VSS. When the source transistors are driven by the respec-
tive drivers, the auxiliary power-supply line 1s supplied with
a power supply voltage VPERIZ and the auxiliary ground
line 1s supplied with a ground voltage VSSZ. In this manner,
the source transistors function as power supply control
means (or power-supply control portions). Since these
source transistors are driven by separate drivers, respec-
tively, they may be of different characteristics from each
other.

Although only one circuit group 1s shown for simplifica-
tion 1 FIG. 3, this semiconductor device actually includes
three circuit groups, namely RAS, first CAS, and second
CAS circuit groups. Specifically, the semiconductor device
has three memory operation control portions 13, and source
transistor portions 15, driver portions 14, and fall command
latch portions 12 corresponding to these memory operation
control portions 13, respectively.

Operation of the semiconductor device shown 1n FIG. 3
will be described while additionally referring to the timing,
chart of FIG. 4.

Firstly, memory operation control commands are input to
the command pins CA0Q to CA9 1n synchronization with the
rising of an external clock CK. FIG. 4 only shows an Active
signal to the command pins CA0 and a Read/Write signal to
the CAL.

In synchronization with the rising of a first clock PCLK-
MRB generated based on the rising of an external clock CK,
the command decode portion 11 decodes the input memory
operation control command and outputs the decoded signal
as an internal command signal.

The internal command signal output by the command
decode portion 11 1s branched into three by branch lines
(branch means) and supplied to the dnivers of the dniver
portion 14 and to the fall command latch portion 12. As
described above, this semiconductor circuit has three circuit
groups 1n total consisting of a RAS circuit group and first
and second CAS circuit groups. If the mternal command
signal 1s an Active command, 1t 1s supplied to the RAS
circuit group, whereas 1f the internal command signal 1s a
Read/Write command, it 1s supplied to the first and second
CAS circuit groups.

Upon receiving the internal command signal from the
command decode portion 11, the drivers of the driver portion
14 turn ON the corresponding source transistors, respec-
tively. If the signal output by the command decode portion
11 1s an Active command, the RAS source transistor 1s
turned ON and the RAS control circuit (13) 1s supplied with
power. IT the signal output by the command decode portion
11 1s a Read/Write command, the first and second CAS
source transistors are turned ON and both the first and
second CAS control circuits are supplied with power. Thus,
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according to the present embodiment, the power supply
control of the memory operation control portion 13 1is

performed at a specified timing based on the rising of the

clock CK.
On the other hand, the fall command latch portion 12 1s
supplied with a second clock PCLKMFB generated on the

basis of the falling of the external clock CK. There 1s a phase
difference between the first clock PCLKMRB and the sec-

ond clock PCLKMFB that 1s equal to a half cycle of the
external clock CK (tCK/2, where tCK 1s a cycle of the
external clock).

In response to the second clock PCLKMFB, the fall

command latch portion 12 latches the internal command
signal received from the command decode portion 11 and
outputs the latched signal to the memory operation control
portion 13. After that, the fall command latch portion 12 1s
reset by a reset signal generated by delaying the second
clock PCLKMEB by a predetermined period of time 1n the
delay circuit 16. According to the present embodiment, as
described above, the mput of a command signal to the
memory operation control portion 13 (1.e., a memory control
operation such as address mput) 1s performed at a specified
timing based on the falling of the clock CK.

According to the configuration as described above, sui-
ficient operating margin M1' (or M2' or M3") (=tCK/2) can
be provided 1n a period of time from the turning ON of the
source transistors of the source transistor portion 15 until the
input of the internal command signal to the memory opera-
tion control portion 13. Therefore, the power supply volt-
ages VPERIZ and VSSZ have already been stabilized when
the memory operation control portion 13 starts its operation,
which enables the memory operation control portion 13 to
operate stably. Further, since sutlicient operating margins are
assured, the semiconductor device 1s able to operate at an
even more increased speed.

Further, the provision of suflicient operating margins
enables the first CAS control circuit, as well as the second
CAS control circuit, to turn the source transistor ON 1n
response to a Read/ Write command This makes 1t possible
to reduce the current consumption i a period of time
between the mput of an Active command to the input of a
Read/Write command.

A semiconductor device according to a second embodi-
ment of the present invention will be described 1n detail with
reference to FIG. 3.

FIG. 5 1s a block diagram showing a memory control unit
and a source transistor control unit of the semiconductor
device according to the second embodiment of the present
invention. In FIG. 5, like components to those of FIG. 1 are
given like reference characters.

In this second embodiment, a single source transistor
driver 21 1s provided in place of the driver portion 14 of the
first embodiment. The circuit configuration can be simplified
by using this single source transistor driver 21 to turn ON
and OFF the pair of the source transistors of the source
transistor portion 15.

In the second embodiment, a fall command decode por-
tion 22 formed with a logic circuit as latch means 1s provided
in place of the fall command latch portion 12. Alternatively,
a through latch may be used as the latch means.

According to the second embodiment, like the first
embodiment, a suilicient operating margin can be provided
in a period of time from the turning ON of the source
transistor until the input of an 1nternal command signal to the
memory operation control portion 13, and hence the current
consumption 1n that period can be reduced.
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The semiconductor device according to the present mnven-
tion 1s designed, as described above, such that the internal
circuit 1s supplied with power in response to the rising of
clock, and an 1nput signal 1s supplied to the internal circuit
in response to the falling of the clock, whereby the operation
can be stabilized and the current consumption can be
reduced. Thus, both rapid operation and low current con-
sumption can be achieved.

It 1s apparent that the present invention 1s not limited to
the above embodiments, but may be modified and changed
without departing from the scope and spirit of the invention.

What 1s claimed 1s:

1. A device comprising:

a first main power supply line receiving a first power
voltage;

a first auxihiary power supply line;

a second main power supply line recerving a second
power voltage;

a second auxiliary power supply line;

a {irst transistor inserted between the first main power
supply line and the first auxiliary power supply line,
and connecting, when rendered conductive, the first
main power supply line with the first auxiliary power
supply line;

a second transistor inserted between the second main
power supply line and the second auxiliary power
supply line, and connecting, when rendered conductive,
the second main power supply line with the second
auxiliary power supply line;

an internal circuit coupled between the first auxiliary
power supply line and the second auxiliary power
supply line, and activated in response to appearance of
a voltage between the first auxiliary power supply line
and the second auxiliary power supply line to perform
a circuit operation on an input signal supplied thereto;
and

a control circuit coupled to the first and second transistors
and the internal circuit and including first, second and
third circuit portions, the first circuit portion being
responsive to a command signal to generate the mnput
signal and supplying the mnput signal to both of the
second and third circuit portions, the second circuit
portion receiving the input signal and rendering the first
and second transistors conductive in response to the
iput signal, and the third circuit portion receiving the
input signal from the first circuit portion and supplying
the mput signal to the internal circuit after the first and
second transistors have been rendered conductive,

wherein the control circuit receives a clock, the first
circuit portion of the control circuit generates the mput
signal in response to one of rising and falling edges of
the clock, the second circuit portion of the control
circuit renders the first and second transistors conduc-
tive 1n response to the one of rising and falling edges of
the clock, and the third circuit portion of the control
circuit supplies the input signal to the internal circuit 1n
response to the other of the rising and falling edges of
the clock following the one of the nising and falling
edges of the clock.

2. The device as claimed 1n claim 1, wherein the control
circuit receives a clock, the first circuit portion of the control
circuit includes a decoder circuit recerving a plurality of bits
as the command signal and decoding the command signal to
generate the mput signal 1n response to one of rise and fall
edge of the clock signal.

3. The device as claimed in claim 1, wherein the third
circuit portion of the control circuit includes a latch circuit
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and a delay circuit, the latch circuit includes an input
terminal coupled to the first circuit portion of the control
circuit, an output terminal coupled to the internal circuit, a
clock terminal receiving a first timing signal generated 1n
response to the other of the rising and falling edges of the
clock following the one of the rising and falling edges of the
clock and a reset terminal coupled to the delay circuit, and
the delay circuit recerves the first timing signal, delays the
first timing signal to generate a second timing signal and

supplies the second timing signal to the reset terminal of the
control circuit.

4. A device comprising:

first and second power supply lines;

a {irst transistor coupled between the first and the second
power supply lines, and connecting, when rendered
conductive, the second power supply line with the first
power supply line;

an 1nternal circuit coupled to at least one of the first and
the second power supply lines, and receiving an input
signal;

a control circuit including first, second and third circuit
portions, the first circuit portion being responsive to a
command signal to generate an mmput signal and sup-
plying the input signal to both of the second and third
circuit portions, the second circuit portion coupled to
the first transistor, recerving the mput signal and sup-
plying the mnput signal to the first transistor, and the
third circuit portion coupled to the internal circuat,
receiving the mput signal, the third circuit portion
supplying the mput signal to the internal circuit after
the first transistor has received the input signal supplied
from the second circuit portion of the control circuit,

wherein the control circuit receives a clock, the first
circuit portion of the control circuit generates the iput
signal in response to one of rising and falling edges of
the clock, the second circuit portion of the control
circuit supplies the input signal to the first transistor 1n
response to the one of rising and falling edges of the
clock, and the third circuit portion of the control circuit
supplies the mput signal to the internal circuit in
response to the other of the rising and falling edges of
the clock following the one of the rising and falling
edges of the clock.

5. The device as claimed 1n claim 4, wherein the control
circuit recerves a clock, the first circuit portion of the control
circuit includes a decoder circuit receiving a plurality of bits
as the command signal and decoding the command si1gnal to
generate the mput signal 1n response to one of rise and fall
edge of the clock signal.

6. The device as claimed in claim 4, wherein the third
circuit portion of the control circuit includes a latch circuit
and a delay circuit, the latch circuit includes an 1nput
terminal coupled to the first circuit portion of the control
circuit, an output terminal coupled to the internal circuit, a
clock terminal receiving a first timing signal generated 1n
response to the other of the rising and falling edges of the
clock following the one of the rising and falling edges of the
clock and a reset terminal coupled to the delay circuit, and
the delay circuit receives the first timing signal, delays the
first timing signal to generate a second timing signal and
supplies the second timing signal to the reset terminal of the
control circuit.

7. A device comprising:

a {irst main power supply line receiving a first power

voltage;

a first auxiliary power supply line;
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a second main power supply line receiving a second
power voltage;

a {irst transistor inserted between the first main power
supply line and the first auxiliary power supply line,
and connecting, when rendered conductive, the first
main power supply line with the first auxiliary power
supply line;

a control circuit including first, second and third circuit
portions, the first circuit portion being responsive to a
command signal to generate an mput signal and sup-
plying the mput signal to both the second and third
circuit portions, the second circuit portion receiving the
input signal and rendering the first transistor conductive
in response to the iput signal, and the third circuit
portion receiving at a first input node thereotf the 1input
signal from the first circuit portion and at a second 1nput
node thereot a clock and transierring the input signal to
an output node thereol 1n response to the clock after the
first transistor has been rendered conductive; and

an internal circuit including a first power node coupled to
the first auxihiary power supply line, a second power
node coupled to the second power supply line and an
input terminal coupled to the output node of the third
circuit portion of the control circuit, the imnternal circuit
being activated by the second circuit portion rendering
the first transistor conductive in response to the mnput
signal and thereatter performing a circuit operation on
the input signal transferred through the mnput terminal
from the third circuit portion,

wherein the control circuit receives the clock, the first
circuit portion of the control circuit generates the mput
signal 1 response to one of rising and falling edges of
the clock, the second circuit portion of the control
circuit renders the {first transistor conductive 1n
response to the one of rising and falling edges of the
clock, and the third circuit portion of the control circuit
supplies the mput signal to the internal circuit in
response to the other of the rising and falling edges of
the clock following the one of the nising and falling
edges of the clock.

8. The device as claimed 1n claim 7, wherein the control
circuit receives the clock, the first circuit portion of the
control circuit includes a decoder circuit receiving a plural-
ity of bits of signal as the command signal and decoding the
command signal to generate the input signal 1n response to
one of rise and fall edge of the clock signal.

9. The device as claimed in claim 7, wherein the third
circuit portion of the control circuit includes a latch circuit
and a delay circuit, the latch circuit includes an 1nput
terminal coupled to the first circuit portion of the control
circuit, an output terminal coupled to the internal circuit, a
clock terminal receiving a first timing signal generated 1n
response to the other of the rnising and falling edges of the
clock following the one of the rising and falling edges of the
clock and a reset terminal coupled to the delay circuit, and
the delay circuit recerves the first timing signal, delays the
first timing signal to generate a second timing signal and
supplies the second timing signal to the reset terminal of the
control circuit.

10. The device as claimed 1n claim 8, further comprising

a second main power supply line receiving a second
power voltage;

a second auxiliary power supply line; and

a second transistor inserted between the second main
power supply line and the second auxiliary power
supply line, and connecting, when rendered conductive,
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the second main power supply line with the second
auxiliary power supply line, and

wherein the second circuit portion of the control circuit

further renders the second transistor conductive in
response to the mput signal and the internal circuit 1s
further includes a second power node coupled to the
second auxiliary power supply line.

11. A method for operating a synchronous DRAM memory
device having a low power standby state, the method com-
prising;

receiving a command in synchronization with a first edge

of an external clock;

decoding the command to provide an internal command

signal;

activating an internal circuit corresponding to the inter-

nal command signal by enabling a first source transis-
tor to connect a main supply to the internal circuit so
that the internal cirvcuit exits the low power standby
state and enters an active state; and

providing the internal command signal to the internal

circuit in vesponse to a second edge of the external
clock that is opposite the first edge.

12. The method as claimed in claim 11 whevein the first
edge is a rising edge and the second edge is a falling edge.

13. The method as claimed in claim 11 wherein the second
edge is the next edge following the first edge.

14. The method as claimed in claim 11 wherein the
command is an active command and the internal circuit is a
RAS control circuit.

15. The method as claimed in claim 11 wherein the
command is a read/write command and the internal circuit
is a CAS control circuit.

16. The method as claimed in claim 11 wherein the main
supply is a main power supply.

17. The method as claimed in claim 11 wherein the main
supply is a main ground.
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18. The method as claimed in claim 11 wherein the main
supply is a main power supply and the activating of the
internal circuit further includes enabling a second source
transistor to connect a main ground to the internal circuit.

19. The method as claimed in claim 18 wherein a single
source transistor driver circuit enables the first and second
source transistors.

20. The method as claimed in claim 18 whervein a first
source transistor driver enables the first source transistor
and a second source transistor driver enables the second
source transistor.

21. The method as claimed in claim 18 wherein the
internal civcuit includes: 1) a thivd transistor directly con-
nected to the main power supply; ii) a fourth transistor
connected to the main power supply through the first source
transistor; iii) a fifth transistor directly connected to the
main ground; and iv) a sixth transistor comnnected to the
main ground thrvough the second source transistor.

22. The method as claimed in claim 21 wherein the third
transistor and the sixth transistor ave part of a second logic
element and the fourth transistor and the fifth transistor are
part of a first logic element.

23. The method as claimed in claim 22 whevein an output
of the first logic element is connected to an input of the
second logic element.

24. The method as claimed in claim 11 wherein a latch
provides the internal command signal to the internal circuit.

25. The method as claimed in claim 11 wherein a through
latch provides the internal command signal to the internal
clrcult.

26. The method as claimed in claim 11 wherein the
synchronous DRAM memory device is a DDR SDRAM.

27. The method as claimed in claim 11 wherein the

synchronous DRAM memory device is an LPDDR SDRAM.
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