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(57) ABSTRACT

A SRAM that keeps the memory cell array under a low
voltage in the Standby mode and Write mode, and raises the
memory cell array supply voltage to a high voltage in the
Read mode. A SRAM comprising: at least one memory cell
circuit, comprising a latch circuit with at least two inverters,
and comprising two power receiving terminals for receiving
power; and a power supplying circuit, for providing the power
to the memory cell circuit, such that the voltages at the power
receiving terminals of the latch circuit is below a predeter-
mined voltage level when data is written to the latch circuit. In
one embodiment, the memory cell circuit includes a plurality
of data accessing terminals and the data accessing terminals
are respectively controlled by at least two pass-transistor
switch devices.

1401
Power supplying circuit
REB
405 407 409
T
|
1
LZ_
WL
VVDD2 YVDDI
411~ 5 4lo~ 1 423
| | | |
il | | | _lc{ |~ = " —_—|= L
— L[C 1 L Lo !
TiL SRR
L/‘J =30 el 421__1
I
L1413 AT =0
= = 1711405
417 | |
|_| —] 425
WWLB WWL vyss  BL
Memory cell circuit

1403



Patent Application Publication  Jan. 12, 2012 Sheet 1 of 14 US 2012/0008449 A1

BLO BRO BLI BRI

T LD < L

WLI

///% 103

DiSt Ul‘b failure Selected fOl‘

can occur : : WRITE
COLO COL1

FIG. 1 RELATED AR'T



Patent Application Publication  Jan. 12, 2012 Sheet 2 of 14 US 2012/0008449 A1

WL

R [

C_ _] T ] Iread
Ol

BLC BLT

FIG. 2 RELATED ART



Patent Application Publication

Jan. 12,2012 Sheet 3 of 14

US 2012/0008449 A1

/300
301
Power supplying circuit
REB.
" 303 305 307 309 313
I_z:|:||__s—| I_z_—ll:|r_3—|
| [ | | [ |
ol o e
VVDD2 VVDD
I I T
A 1L TR R
| 312% |
Memory cell 306
circuit R E -~
Z
303
1o % I
DT - 314 26 o LT L.
: !
Memory cell ~~308
circuit R - -
Z
305



Patent Application Publication  Jan. 12, 2012 Sheet 4 of 14 US 2012/0008449 A1

4?1
Power supplying circuit
REB
S
4(2)5YPD\/_DP4(§7 4(39_\/_])]) 402
I A T I
S IR Al4—
IR I = == S i
e Isy]
WL
406~ |VVDDz _ __ VVDDI]
AN~ 415 12
| | |
S R )9'7 |
i s o L
B2 Bl
I_/_JQSB:l____l —
419 I l
— 1 1+413 L
s
] 417 | | |
408’\' ————————————— || |
410~ — 425
WWLB WWL yvss  BL
Memory cell circuit

|

403

FI1G. 4



US 2012/0008449 A1

6c<

N

N2 []9D
AJOWBIAN

LcS

M

NI [[9D
AJOWDIN

S|

cca

N

Jan. 12,2012 Sheet 5 of 14

Patent Application Publication

PN []9D
AJOUWIB AN

A

M

1N2a1D ]9
AJOWIIN

-10C

JIA - o | [
| | | T | |
| | | | | AO”‘l—mmv
_
1 e G NALs 1 d1d
Mg Mg Mg [ r0S @Hw_mwv
[ I _ vm_ I N m_H 1 Jesald]
_r _r el _r B
- NgI - NG - N602 - N-J0¢
"ﬁ- - 4" 1N2IID SutA[ddns 1omod
~1_'_ ]l
QQ»\/



US 2012/0008449 A1

Jan. 12,2012 Sheet 6 of 14

Patent Application Publication

9 DIA

mmwuw mwm J@ mww
INJIID ]9 NI [[3D HNDIID []3D 1INDJ1D ][99
AJOWDIN AJOWSIN AJOWDIN AJOWIAN
— 7 m_|||_ _u_uun_ _u_uun_
[ I | | I I I I \NO@
| [ | | | [ | | AQHJM—WV
L [ L [ I [ I
m_. 229 il Srf 1 €29 1 129 d4d
o I o Mg I P09 @H,._m_mv
I I I I I I I I M J 139sad7]
[ | [ [ [ [ [ [ \.M.—WIH\ TﬂH®|m~w
L_1 1 1 L L1 .
619 119 19 19
=r--n =r-=n === =r =1 ~— 109
{0 ™[ =l Ty wmom
L ;] L, - L - L7 - surArddns
[19 aiy 609 iy 109 iy €09 TN 19MO0g




Patent Application Publication  Jan. 12, 2012 Sheet 7 of 14 US 2012/0008449 A1

701
§
Power supplying circuit
RE
)
705 709 707 702
”?1 [T T 2
PC| T :|:| I:|: n r ;—|:I
| [ | | |
| | _A I | | [
LI L-Ta==tL _TLJ
¢I4 13‘1,
WL
I v
712 VVDD2 VVDDI
=57 719~
! ’D"_’715 _'C{ !
I e N L = =
T Lot R
R ) I —t. | 7
AT T (T2 723
713 . . i |
A | F14-
ColEn = 721 = | | —:
| |
(08~ 710~ L|T| 727
WWLB WWL vvss  BL
Memory cell circuit

|

703

FIG. 7



US 2012/0008449 A1

Jan. 12,2012 Sheet 8 of 14

Patent Application Publication

Crs

N

1INDILO [[20
AJIOWIN

194743

N

1INDILO [0
AJOWIIN

8 DI

[R7%5;

i

1INDI10 [[20
AIOWBIN

6E8

|

1INDILO 13D
AJOWIIN

—~— 108

— -~ 1

(0="T4S)
dad




US 2012/0008449 A1

Jan. 12,2012 Sheet 9 of 14

Patent Application Publication

84S

|

1INDILO [[9D
AJOWAIN

ev8

|

6 OId
[¥8

N

NNDIID [[9D
AJOWDIN

JINDIID [[9D
AJOWBIN

668

M

NNDIID [[9D
AJOWIIN

-~ 7

—— 108

NI
suiA[ddns 1omod

(O="T4S)
ddd




US 2012/0008449 A1

Jan. 12,2012 Sheet 10 of 14

Patent Application Publication

Ol DI

mwm mwm :Mw mww
UNDID [[3D 1NDID [[3D NI [[3D NI [[3D
AIOWRIN AJOWRIN AJOUWIDIN AIOWRIN
668 18 o4 XA
1S - - L
b 1 e e e L
m_|||L Jd ,H_||||_ Jd m_|||L Jd ,H_||||_ Jd
. LLE _ . LGE _ , LEER
! AS ! " ! "
i | Ly L q608[ (0="179)
" _ _ _ " a4
N _ n

1No.a10 SurAjddns 19mod




US 2012/0008449 A1

Jan. 12, 2012 Sheet 11 of 14

Patent Application Publication

Crs

N

NNDILD [[9D
AJTOUWIDIN

ers

|

1INDJIO [[9D
AIOUIDIN

[T OIA4

IS

N

NNOILD [[9D
AIOWIDIN

mww
JINDILD [
AJIOUIAIN

—~— 108

1.1

‘ ST oo

_ _ _
18 308

.~ —

PR |

_ 1 — — — 2
Telg \Zog

NN2ad sutA[ddns 1amod

(0="T14S)
d4




Patent Application Publication  Jan. 12,2012 Sheet 12 of 14  US 2012/0008449 A1

1201
Power supplying circuit 1204
RE §
- 11202
1205 . 1207
PCz
1209% 211
(I
208 1206
r _
|
o hﬁ
\Lh
WL
- VvV
1218 | 12105]7 bbz  VVbbh 1214
A1~y 45~
|l | | |
r——7 })'7 ! ! = | =
: :QB:I___J R T T
T THEQlaer | o423
N L 1216
L[Z 1 413 Ly ]
= 41/7‘_ = -
Lo o oo - 22 J 1 |
| \
—1212 |_|___| 425
WWLB Memory cell circuit WWL yyss  BL

1203

FIG. 12



Patent Application Publication  Jan. 12,2012 Sheet 13 0of 14  US 2012/0008449 A1

1301
Power supplying circuit
RE
)
1305 1309 1307 1302
M Z 1 II_ S n M 2 1
o | i |
(I _.ﬂ_ - L - |4
¢14 13¢~
WL
VVDD2 VVDDI
N 1312
a
813+ 51 1817~ =1
| | | |
r 7 :I })I_ I |: i i B [l bty
| | 177 |
| :QIB:I___J I___J:< T T
Lo J |- = p— |I___—§J I__T_l
7 BT} T Q 1321 1323
1311 . | | Y s
| |
L[ 1315 a1
L SR s
L e e e e e e e e e - - - | | |
.y | |
1308 Y YI_|_<|J”1325
WWLB WWL yvss  BL
Memory cell circuit

Z

1303

FIG. 13



Patent Application Publication  Jan. 12,2012 Sheet 14 of 14  US 2012/0008449 A1

1401
Power supplying circuit
REB
405 407 409
I_z__l I:‘:S'—I I_Z__I
I
LT e T
e sy ]
WL
VvDD2 VVDDI
411‘4‘_"": 415~1|_"_": 423
| | }DI_ _I({ [ il By '_;__Z"
—— L[ LI ! |
| |
L -aT J-- — T
I L |4y
ALY s
L[C 1 413 A TN
] |
| |
|_|_—_|r425
WWLB WWL yvss  BL
Memory cell circuit

1403

FIG. 14



US 2012/0008449 A1l

LOW POWER STATIC RANDOM ACCESS
MEMORY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the provisional application,
which is U.S. Provisional Application No. 61/361,528, filed
Jul. 6, 2010 and is included herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a static random
access memory (SRAM), and particularly relates to a SRAM
that keeps the memory cell array under a low voltage in the
Standby mode and Write mode, and raises the memory cell
array supply voltage to a high voltage in the Read mode.
[0004] 2. Description of the Prior Art

[0005] FIG. 1is acircuit diagram illustrating a related prior
art 6T SRAM static random access memory structure. As
shown in FIG. 1, the 6T SRAM structure has a plurality of
memory cell circuits, but only two memory cell circuits 101,
103 are symbolized for explaining. For a 6T SRAM cell
during Read operation (FIG. 2), a Read disturb voltage is
generated at the cell “0” storage node (NT in FIG. 2) when the
WL is selected due to the voltage dividing effect between the
access (pass-transistor) NMOS and pull-down NMOS. This
Read disturb voltage degrades the Read Static Noise Margin
(herein after RSNM) and may cause cell stability failures to
limit the Read V,,, (Minimum operating voltage). If the Read
disturb voltage is higher than the trip voltage of the opposite
cell inverter, the cell may flip. During Read/Write operation,
the half-selected cells on the selected WL perform dummy
Read operation, thus experiencing “Half-Select disturb”
similar to the Read disturb of selected cells as shown in FIG.
1.

[0006] In Standby mode, the supply voltage of the memory
cell array can be lowered to reduce power consumption. In
Read mode, the supply voltage of the memory cell array needs
to be raised to higher voltage to maintain adequate RSNM and
Read performance. In Write mode, to facilitate the writing of
data into the memory cell, the supply voltage of the memory
cell array should stay low. However, low cell array supply
voltage aggravates the “Half-Select disturb”, and the half-
selected cells may flip. As a result, the cell array supply
voltage for the entire active bank needs to be raised to higher
voltage level, thus causing more power consumption.

SUMMARY OF THE INVENTION

[0007] Accordingly, one objective of the present invention
is to provide a SRAM that can keep the cell array supply
voltage at low level during Write operation to facilitate writ-
ing of data into the memory cell and to minimize power
consumption in Write mode. Also, the cell array supply for
the SRAM is raised only during Read operation to maintain
adequate RSNM. The SRAM maintains low voltage in Write
mode, which cannot be achieved using conventional 6T
SRAM, to achieve Ultra-Low-Power (herein after ULP)
mode of operation.

[0008] Another objective of the present invention is to pro-
vide a SRAM that can keep the cell array supply voltage at
low level during Write operation to facilitate writing of data
into the memory cell and to minimize power consumption in
Write mode. Also, the cell array supply for the SRAM is
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raised only for the selected columns during Read operation to
maintain adequate RSNM and to minimize power consump-
tion in Read mode. The SRAM maintains low voltage for
unselected columns in Read mode, and raises only the cell
supply voltage for the selected columns in Read mode, thus
achieving the Absolutely-Lowest-Power (herein after ALP)
mode of operation.

[0009] One exemplary embodiment of the present inven-
tion discloses a SRAM comprising: at least one memory cell
circuit, comprising a latch circuit with at least two inverters,
and comprising two power receiving terminals for receiving
power; and a power supplying circuit, for providing the power
to the memory cell circuit, such that the supply voltages of the
latch circuit is below a predetermined voltage level when data
is written to the latch circuit. In one embodiment, the memory
cell circuit includes a plurality of data accessing terminals
and the data accessing terminals are respectively controlled
by at least two pass-transistor switch devices.

[0010] Inoneexemplary embodiment, the power supplying
circuit can further include a logic circuit, such that only the
cell array supply for the selected columns will be raised to a
high voltage in the Read mode.

[0011] Moreover, via aforementioned embodiments, only
the cell array supply for one side of the cell (i.e. half-cell)is
raised in Read mode, such that the cell supply switching
power and noise can be reduced and the cell supply switching
speed improved. Furthermore, in the ALP mode, only the cell
array supply of the selected columns will be switched, thus
the switching power and noise are further reduced, and the
cell array supply switching speed further improved. Besides,
only simple control circuit structure is needed. For example,
each column only needs a power-switch device and power-
keeping (keeper)devices. Also, to operate in the ALP mode,
only simple decoding logic circuit is needed. Therefore, the
device and area overhead is quite small.

[0012] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a circuit diagram illustrating a related art
6T SRAM structure.

[0014] FIG.21is a schematic diagram illustrating the “Read
disturb” issue in 6T SRAM.

[0015] FIG. 3 is a block diagram illustrating a SRAM 300
according to one exemplary embodiment of the present appli-
cation.

[0016] FIG. 4 is a circuit diagram illustrating detail struc-
tures for a SRAM according to one exemplary embodiment of
the present application.

[0017] FIG. 5 is a circuit diagram illustrating detail struc-
tures for a SRAM where several columns share one keeper,
according to another exemplary embodiment of the present
application.

[0018] FIG. 6 is a circuit diagram illustrating detail struc-
tures for a SRAM utilizing programmable power keeper
devices, according to another exemplary embodiment of the
present application.

[0019] FIG. 7 is a circuit diagram illustrating detail struc-
tures fora SRAM having a logic circuit, such that only the cell
array supply for the selected columns will be raised to a high
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voltage in the Read mode, according to another exemplary
embodiment of the present application.

[0020] FIG. 8 is a circuit diagram illustrating detail struc-
tures fora SRAM where the power keeper is shared by several
columns to increase the cell array virtual supply node capaci-
tance, so as to reduce cell array supply variation in Standby
mode (caused by leakage of cells on the same column), and to
reduce cell array supply voltage drop during Write (caused by
Write current and leakage of cells on the same column). In
Read mode, only one side of the cell array supply for the
selected column is raised, according to another exemplary
embodiment of the present application.

[0021] FIG. 9 is a circuit diagram illustrating detail struc-
tures for a SRAM utilizing programmable power keeper
devices, where the programmable power keeper is shared by
several columns, and only one side of the cell array supply for
the selected column is raised in Read mode, according to
another exemplary embodiment of the present application.
[0022] FIG. 101s a circuit diagram illustrating detail struc-
tures for a SRAM utilizing dual power supply, where VDDL
1s a “lower-than-VDD” voltage supply, according to another
exemplary embodiment of the present application.

[0023] FIG. 11 is a circuit diagram illustrating detail struc-
tures for a SRAM utilizing a diode voltage drop to provide a
“lower-than-VDD” voltage supply, according to another
exemplary embodiment of the present application.

[0024] FIG. 12 is a circuit diagram illustrating detail struc-
tures for a SRAM having a logic circuit facilitating Writing
operation, such that one side of the cell (i.e. half-cell) has its
virtual cell supply voltage raised (depending on the data to be
written) to strengthen the half-latch and speed up the feed-
back process, according to another exemplary embodiment of
the present application.

[0025] FIGS. 13 and 14 are an extension embodiments of
the exemplary embodiment shown in FI1G. 4.

DETAILED DESCRIPTION

[0026] Certain terms are used throughout the description
and following claims to refer to particular components. As
one skilled in the art will appreciate, electronic equipment
manufacturers may refer to a component by different names.
This document does not intend to distinguish between com-
ponents that differ in name but not function. In the following
description and in the claims, the terms “include” and “com-
prise” are used in an open-ended fashion, and thus should be
interpreted to mean “include, but not limited to . ... Also, the
term “couple” is intended to mean either an indirect or direct
electrical connection. Accordingly. if one device is coupled to
another device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections.

[0027] According to the concept disclosed in present appli-
cation, two modes of the memory cell circuit are provided.
One is called ULP mode and the other one is called ALP
mode.

[0028] Inthe ULP mode, the supply voltage of the memory
cell array in different operation modes can be shown as fol-
lows:

[0029] Standby or Sleep mode: Cell array supply voltage is
reduced to save power.

[0030] Write mode: Cell array supply voltage stays low to
facilitate Write.

[0031] Read mode: Cell array supply voltage is raised to
maintain adequate RSNM and Read performance.
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[0032] Inthe ALP mode, the supply voltage of the memory
cell array in different operation modes can be shown as fol-
lows:

[0033] Standby or Sleep mode: Cell array supply voltage is
reduced to save power.

[0034] Write mode: Cell array supply voltage stays low to
facilitate Write.

[0035] Read mode: Cell array supply voltage is raised only
for selected columns to maintain adequate RSNM and Read
performance.

[0036] FIG. 3 is a block diagram illustrating a SRAM 300
according to one embodiment of the present application. As
shown in FIG. 3, the SRAM 300 includes a power supplying
circuit 301, and at least one memory cell circuit 303, 305 (the
number of the memory cell circuits can be more than two, but
only two of them are illustrated). The memory cell circuit
303, 305 respectively comprises latch circuits 306, 308 with
at least two inverters, and comprises two power receiving
terminals VVDDI1, VVDD2 for receiving power from the
power supplying circuit 301. In one embodiment, a cross-
point double layer pass-gate structure can be applied to the
memory cell circuit 303, where the data accessing terminals
of the memory cell circuit 303 is respectively controlled by at
least two pass-transistor switch devices. Detail embodiments
of the memory cell circuit 303 will be described below.

[0037] The power supplying circuit 301 provides the power
to the memory cell circuit 303 and 305, such that the cell array
supply voltages (VVDDI1 and VVDD2) of the latch circuit
306, 308 are below a predetermined voltage level VDD when
the memory cell circuit 303 and 305 are in Standby mode. In
Write mode, the cell array supply voltages (VVDD1 and
VVDD2)stay low to facilitate writing of data into the selected
cell. In Read mode (Read Enable Bar REB=0), the cell array
supply voltages (VVDD1 and VVDD?2) are raised (ex.
coupled) to VDD to improve RSNM and Read performance.

[0038] The power supplying circuit 301 can include a plu-
rality of transistors 303~309. These transistors can be catego-
rized as power switches (ex. 303, 309) or power keeper
devices (ex. 305, 307). The power supplying circuit 301 can
further includes logic circuits 311, 313, to control the power
supplying circuits such that only selected columns of the
memory cell array have raised cell array supply voltages.

[0039] FIG. 4 is a circuit diagram illustrating detail struc-
tures fora SRAM according to one exemplary embodiment of
the present application. As shown in FIG. 4, the power sup-
plying circuit 401 comprises: a Read Enable Bar (REB) sig-
nal transmitting line 402, a power switch device 405, and two
power keeper devices 407, 409. The Read Enable Bar signal
transmitting line 402 transmits a Read Enable Bar signal
REB. The power switch device 405 provides the power to one
of the power receiving terminals VVDDI1 and VVDD?2, and
turns on/off according to the Read Enable Bar signal REB.
The power keeper device 407, 409 respectively have a termi-
nal coupled to the predetermined voltage level VDD, and
another terminal respectively coupled to the power receiving
terminals VVDDI1 or VVDD2. In one embodiment, the
PMOSFETs are utilized to implement the power switch
device 405, and the power keeper devices 407, 409, but it does
not mean to limit the scope of the present application. Other
types of transistors can also be applied to the power switch
device 405, and the power keeper devices 407, 409. For
example, NMOSFETs are utilized in the exemplary embodi-
ment shown in FIG. 13.
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[0040] The memory cell circuit 403 includes a latch circuit
406. The latch circuit 406 comprises two cross-coupled
inverters (411/413 and 415/417). The memory cell circuit 403
further includes pass-transistor switches 419, 421, and 423.
The pass-transistor switch 423 has its control terminal (i.e.
gate) controlled by the row-based Word-Line (WL). The pass-
transistor switch 419 and 421 have their control terminals (i.e.
gates) controlled by the column-based Write Word-Line
(WWLB) 408 and Write Word-Line (WWL) 410. The struc-
ture of the memory cell circuit 403 shown in F1G. 4 can also
be named as a cross-point double-layer pass-gate structure.
The latch circuit 406 has a access terminal QB and a access
terminal Q, and has power receiving terminals VVDD1 and
VVDD2 to receive the power from the power supplying cir-
cuit 401. The pass-transistor switch 419 has a bit transferring
terminal Bl coupled to the access terminal QB, a control
terminal coupled to a Write Word-Line (WWLB) 408, and a
bit transferring terminal B2. The pass-transistor switch 421
has a bit transferring terminal B3 coupled to the access ter-
minal Q, a control terminal coupled to a Write Word-Line
(WWL) 410, and a bit transferring terminal B4 coupled to the
bit transferring terminal B2. The pass-transistor switch 423
has a bit transferring terminal BS coupled to the bit transfer-
ring terminal B4, a control terminal coupled to a Word Line
(WL) 412, and a bit transferring terminal BE coupled to a
Bit-Line (BL) 414. The switching circuit 425 has a control
terminal coupled to the bit transferring terminal B1 of the
pass-transistor switch 419, a terminal coupled to the bit trans-
ferring terminal B5 of the pass-transistor switch 423, and a
terminal coupled to a reference voltage level VVSS.

[0041] Besides, the memory cell circuit 403 can further
comprise a sensing amplifier, which is coupled to the Bit-Line
(BL) 414, for determining a bit value appearing at the BL 414,
However, the sensing amplifier is not illustrated in FIG. 4 of
the present application.

[0042] Inthe exemplary embodiment shown in FIG. 4, the
Read Enable Bar signal REB is 1 during Standby/Write
modes, such that the power switch device 405 turns off.
During Read mode, REB=0, the power switch device 405
turns on such that the voltage level at the power receiving
terminal VVDDD2 can be raised to the predetermined volt-
age level VDD. This way, the RSNM and Read performance
can be enhanced, especially when the logic value at QB is 1.
Thus, the cell array supply stays low, except during Read
operation in the aforementioned ULP mode.

[0043] The voltage values of VVDDI and VVDD2 during
different operation modes can be shown as Table 1:

TABLE 1

Voltage values of VVDDI1 and VVDD?2 in ULP mode.

Standby Read Write
VVDDI1 <VDD <VDD <VDD
VVDD2 <VDD VDD <VDD

[0044]  Also, the logic values of the Read Enable Bar signal
REB, Write Word-Line (WWLB) 408, Write Word-Line
(WWL) 410, the Word-Line (WL) 412, the Bit-Line (BL)
414, and the reference voltage level VVSS can be shown as in
Table 2:
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TABLE2
Signal values in ULP mode.
Standby Read Write “17 Write “0”
REB 1 0 1 1
414 1 X 0 0
412 0 1 1 1
410 0 0 0 1
408 0 0 1 0
VVSS X 0 1 0

[0045] Via aforementioned embodiment, adequate Hold
Static Noise Margin for half-selected cells on the selected
column can be maintained even if the cell array supply volt-
ages are kept low in the Write mode. The power keeper
devices 407, 409 provide enough power to the memory cell
array Standby and Write modes.

[0046] FIG. 5 is a circuit diagram illustrating detail struc-
tures for a SRAM according to another exemplary embodi-
ment of the present application. In the exemplary embodi-
ment shown in FIG. 4, each column of memory cell array
utilizes at least one corresponding power keeper device.
However, in the exemplary embodiment shown in FIG. 5, it
allows several columns of memory cell array to share a power
keeper device. As shown in FIG. 8, the power supplying
circuit 501 includes: a Read Enable Bar (REB) signal trans-
mitting line 502, a power keeper device 505, a plurality of
isolation devices 507~513, and a plurality of power switch
devices 515~521. Similar to the exemplary embodiment
shown in F1G. 4, the Read Enable Bar signal transmitting line
502 transmits a Read Enable Bar signal REB. The power
switch devices 515~521 provide the power to the power
receiving terminals of a plurality of the memory cell circuits,
and turn on or off according to the Read Enable Bar signal
REB. The power keeper device 505 has a terminal coupled to
the predetermined voltage level VDD, and a terminal respec-
tively coupled to the power receiving terminals (only a group
of them is illustrated in this exemplary embodiment) of the
memory cell circuits 523~529. The power switch device
515~521 turn on when in the Read mode.

[0047] One difference between the exemplary embodi-
ments shown in FIG. 4 and FIG. 5 is that the power keeper
device 505 in FIG. 5 is shared by a plurality of memory cell
circuits in several columns. By this way, the capacitances at
the power receiving terminals (VVDD1 and VVDD?2 in FIG.
4) increase. The increased capacitances reduce cell array
supply variation in Standby mode (caused by leakage of cells
on the same column), and reduce cell array supply voltage
drop during Write (caused by Write current and leakage of
cells on the same column.

[0048] Another difference between the exemplary embodi-
ments shown in FIG. 4 and FIG. 5 is that the exemplary
embodiment shown in FIG. 5 includes a plurality of isolation
devices 507~513. The isolation device 507~513 respectively
has a control terminal coupled to a Isolation Enable signal
ISE, a terminal coupled to the power keeper device 505, and
a terminal coupled to the memory cell circuit 523~529,
wherein the isolation devices 507~513 are controlled by the
Isolation Enable signal ISE to turn on or off, thus connecting
or disconnecting the power keeper device 505 from one side
(left side as shown in FIG. 5) of the power receiving terminals
of the memory cell array. In the exemplary embodiment
shown in FIG. 5, the Isolation Enable signal ISE is generated
according two signals. One is a reset signal Lreset, which is 1
when asserted, and the other one is an external control signal
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Sig_end. Via the isolation devices 507~513, it can be deter-
mined whether one side or two sides of the virtual cell array
supply nodes (VVDDI1 and VVDD2) will be charged (raised)
in Read mode. If the isolation devices 507~513 turn on, the
voltages at the power receiving terminals VVDDI1 or VVDD2
are charged (raised) together in Read mode. If the isolation
devices 507~513 turnoff, only the voltage level at the power
receiving terminal VVDD2 will be charged (raised) by the
power switch devices 515~521 in Read mode, and VVDDI1
will remain low in Read mode.

[0049] FIG. 6 is a circuit diagram illustrating detail struc-
tures for a SRAM according to another exemplary embodi-
ment of the present application. Comparing the exemplary
embodiments shown in FIG. § and FIG. 6, the exemplary
embodiment inFIG. 6 also includes a Read Enable Bar (REB)
signal transmitting line 602, a plurality of isolation devices
613~619, and a plurality of power switch devices 621~627.
One difference between the exemplary embodiments shown
in FIG. § and FIG. 6 is that the exemplary embodiments
shown in FIG. 6 includes a plurality of power keeper devices
605~611. The power keeper devices 605~611 are program-
mable and can provide different amount of currents. By this
way, the current provided by the power keeper devices
605~611 can be well adjusted and the voltage levels of the
power receiving terminals VVDDI and VVDD2 can be fine-
tuned.

[0050] FIG. 7 is a circuit diagram illustrating detail struc-
tures for a SRAM having a logic circuit, according to another
exemplary embodiment of the present application. Compar-
ing the exemplary embodiments shown in FIG. 4 and FIG. 7,
the power supplying circuit 701 shown in FIG. 7 includes a
Read Enable (RE) signal transmitting line 702, a power
switch device 705, and two power keeper devices 707, 709.
Besides, the power supplying circuit 701 further includes a
logic circuit 711 (in this embodiment, a NAND gate). The
logic circuit 711 receives the Read Enable signal RE and a
memory cell array Column-Select signal ColEn to output a
power switch control signal PC, to control the turn on/off
operation of the power switch device 705. By this way, the
turning on/off operation of the power switch device 705 is
controlled by not only the Read Enable signal RE but also the
memory cell array Column-Select signal ColEn. For the
selected columns, the memory cell Column-Select signal
ColEn is 1. Thus, in Read mode, only the VVDD2’s for the
selected columuns are raised.

[0051] The voltage values of VVDDI and VVDD2 during
different operation modes can be shown as Table 3:

TABLE 3

Veltage values of VVDD1 and VVDD?2 in ALP mode.

Read Read
(Selected {Unselected
Standby Column) Column) Write
VVDD1 <VDD <VDD <VDD <VDD
VVDD2 <VDD VDD <VDD <VDD

[0052] Referring to the concept in Table 3, only the virtual
cell array supply voltages VVDD2 of the selected columns
are pulled up to VDD in Read mode, and the virtual cell array
supply voltages VVD1 of'the selected columns are still lower
than VDD. Accordingly, the exemplary embodiment shown
in FIG. 7 can operate in the aforementioned ALP mode.
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[0053] The logic values of the Read Enable signal RE,
Write Word-Line (WWLB) 708, Writing Word-Line (WWL)
710, the Word-Line (WL) 712, the Bit-Line 714 (BL), and the
reference voltage level VVSS can be shown as in Table 4.

TABLE 4

Signal values in ALP mode.

Standby Read Write “1” Write “0”
RE 0 1 0 0
714 1 X 0 0
712 0 1 1 1
710 0 0 0 1
708 0 0 1 0
VVSS X 0 1 0

[0054] FIG. 8 is a circuit diagram illustrating detail struc-
tures fora SRAM where several columns shares one keeperin
ALP mode, according to another exemplary embodiment of
the present application. Similar to the exemplary embodiment
shown in FIG. 5, the power supplying circuit 801 in FIG. 8
includes a power keeper device 805, a plurality of isolation
devices 815~821 and a plurality of power switch devices
823~829. The power supplying circuit 801 further comprises
a plurality of logic circuits 802~808. In this exemplary
embodiment, each of the logic circuits 802~808 has a NOR
gate (807~813) and an inverter (831~837). The logic circuits
802~808 receive the Read Enable Bar signal REB and a
Column Select signal (Col0~Col3, Select=0) to output a
power switch control signal PC to control power switch
devices 823~829, and a Isolation Control signal IS to control
isolation devices 815~821. Similar to the isolation devices
507~513 in FIG. 5, it can be determined whether only one
side of the power receiving terminal (VVDD2) of the selected
column or two sides of the power receiving terminals
(VVDD1 and VVDD2) of all columns will be charged
(raised) in Read mode, via control of the isolation devices
815~821.

[0055] FIG. 9 is a circuit diagram illustrating detail struc-
tures for a SRAM in ALP mode utilizing programmable
power keeper devices, according to another exemplary
embodiment of the present application. In the exemplary
embodiment in FIG. 9, programmable power keeper devices
901~907 replace the single power keeper device 805. As
described in the exemplary embodiment of FIG. 6, the power
keeper devices 901~907 are programmable power keeper
devices and can provide different amounts of currents.

[0056] FIG. 10 is a circuit diagram illustrating detail struc-
tures for a SRAM in ALP mode utilizing dual power supply,
according to another exemplary embodiment of the present
application. All devices in FIG. 10 are almost the same as that
in FIG. 8 except the power keeper device 805 in FIG. 8 is
replaced by a predetermined power supply source VDDL,
which is lower than the predetermined voltage level VDD.
According to the description of FIG. 8, the voltage levels of
the power receiving terminals VVDDI and VVDD2 for FIG.
10 can be shown as Table 5.
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TABLE 5

Voltage values of VVDDI and VVDD2 in ALP mode with dual supply.

Read Read
{Selected {Unselected
Standby Column) Column) Write
VVDDI1 VDDL VDDL VDDL VDDL
VVDD2 VDDL VDD VDDL VDDL

[0057] FIG. 11 is a circuit diagram illustrating detail struc-
tures fora SRAM in ALP mode utilizing a voltage decreasing
device, according to another exemplary embodiment of the
present application. In the exemplary embodiment shown in
FIG. 11, the predetermined power supply source VDDL
includes a voltage decreasing device 1101 coupled to the
predetermined voltage level VDD. A PMOSFET having a
gate terminal connected to a drain terminal (i.e. a diode-
connected PMOSFET) thereof is applied to FIG. 11, but it
should be noted that other voltage decreasing devices can also
be applied to the present application.

[0058] FIG. 12 s a circuit diagram illustrating detail struc-
tures for a SRAM having a logic circuit facilitating Writing
operation, according to another exemplary embodiment of
the present application. As shown in FIG. 12, the power
supplying circuit 1201 includes a Read Enable (RE) signal
transmitting line 1204, two power switch devices 1209 and
1211, the power keeper devices 1206, 1208. The Read Enable
signal transmitting line 1204 transmits a Read Enable signal
RE. The logic circuit 1202, which includes a NOR gate 1205
and an inverter 1207, receives the Read Enable signal RE and
data to be written to the latch circuit 1210 (i.e. the data on the
Write Word-Lines 1212 (WWLB) and 1214 (WWL) to gen-
erate power control signal PC1 and PC2 for the power switch
device 1209 and 1211, respectively. The power switch device
1209, 1211 provide the power to the power receiving termi-
nals VVDD2 and VVDD1 according to the power control
signal PC1 and PC2. The power keeper device 1206 and 1208
have a terminal coupled to the predetermined voltage level
VDD, and a terminal respectively coupled to the power
receiving terminals VVDD1 and VVDD2. The power switch
device 1209 turns on during Read operation, when the data of
the data accessing terminal QB is read, similar 1o the ULP
mode in FIG. 4. In addition, during Write operation, the
voltage level of the power receiving terminals VVDDI and
VVDD2 are adaptively raised by the power switch device
1209 and 1211 according to the data to be written to the latch
circuit 1210.

[0059] During the Standby mode, logic values of the Write
Word-lines 1212 (WWLB) and 1214 (WWL) are 0, and the
Read Enable (RE) signal is 0. Thus the power switch devices
1209 and 1211 turn off. During the Read mode, logic values
ofthe Write Word-lines 1212 (WWLB) and 1214 (WWL) are
0, and the Read Enable (RE) signal is 1. Thus the power
device 1209 turns onto raise VVDD2 to enhance Read per-
formance. During the Write mode, the power switch device
1211 turns on to raise VVDDI1 while writing data 1 to the data
accessing terminal Q, thus strengthening the right half-latch
(i.e. inverter comprising PMOS 415 and NMOS417) to speed
up the feedback and improve Write Margin (WM) and Write
performance. Similarly, the power switch device 1209 turns
on to raise VVDD2 while writing data 0 to the data accessing
terminal Q, thus strengthening the left half-latch (i.e. inverter
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comprising PMOS 411 and NMOS413) to speed up the feed-
back and improve Write Margin (WM) and Write perfor-
mance.
[0060] For more detail, the voltage levels of the power
accessing terminals VVDDI1 and VVDD2 can be shown as
Table 6.

TABLE 6

Voltage values of VVDD1 and VVDD?2 in ULP mode with
adaptively strengthened half-latch during Write operation.

Standby Read Write “1” Write “0”
VVDDI1 <VDD <VDD VDD <VDD
VVDD2 <VDD VDD <VDD VDD

[0061] Thus, the circuit disclosed in FIG. 12 can operate in
the aforementioned ULP mode with additional capability of
adaptively raising VVDD1 or VVDD2 to strengthen the right-
or left-half latch during Write operation to improve Write
Margin and Write performance.

[0062] The logic values of the Read Enable signal RE, the
Write Word Lines 1212 (WWLB), 1214 (WWL), the Bit-Line
(BL) 1216, the Word-Line (WL)1218 and the reference volt-
age VVSS are as shown in Table 7.

TABLE 7

Signal values of ULP mode with adaptively strengthened
half-latch during Write operation.

Standby Read Write “1” Write “0”
RE 0 1 0 0
1216 1 X 0 0
1218 0 1 1 1
1212 0 0 1 0
1214 0 0 0 1
VVSsS X 0 1 0

[0063] FIG. 13 is an extension embodiment of the exem-
plary embodiment shown in FIG. 4. Similar to the exemplary
embodiment shown in FIG. 4, the power supplying circuit
1301 comprises a Read Enable (RE) signal transmitting line
1302, a power switch device 1305, and two power keeper
devices 1307 and 1309. Also, the memory cell circuit 1303
includes a latch circuit 1306, pass-transistor switches 1311,
1321, 1323 and switching circuit 1325. The difference
between the exemplary embodiments shown in FIG. 4 and
FIG. 13 is that the exemplary embodiment in FIG. 13 utilizes
NMOSFETs as power switch device 1305 and two power
keeper devices 1307, 1309, instead of PMOSFETs.

[0064] The voltage values at the power receiving terminals
VVDDI1, VVDD2 of the exemplary embodiment shown in
FIG. 13 is the same as that shown in Table 1. Besides, the logic
values of the Read Enable signal RE, Write Word-Line
(WWLB) 1308, Write Word-Line (WWL) 1310, the Word
Line (WL) 1312, the Bit-Line (BL) 1314, and the reference
voltage level VVSS can be shown as in Table 8.
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TABLE 8

Signal values of ULP mode with NMOSFET power switch and
power keeper devices.

Standby Read Write ©1” Write “0”
RE 0 1 0 0
1314 1 X 0 0
1312 i 1 1 1
1310 0 0 0 1
1308 0 0 1 0
VVSS X 0 1 0

[0065] FIG. 14 is also an extension embodiments of the
exemplary embodiment shown in FIG. 4. Comparing the
exemplary embodiments shown in FIGS. 4 and 14, the
memory cell circuit 1403 further includes a power switch
device 1405. Accordingly, the memory cell circuit 1403 in the
exemplary embodiment shown in FIG. 14 utilizes a 9T struc-
ture. The voltage levels at the power receiving terminals
VVDD1 and VVDD2 and the logic values for the Read
Enable Bar (REB) signal, the Write Word-Lines WWLB and
WWL, the Word-Line (WL), the Bit-Line (BL), and the ref-
erence voltage level VVSS are the same as that of FIG. 4, thus
it is omitted here for brevity.

[0066] Via aforementioned embodiments, in ULP mode,
only one side of the virtual cell array supply node is switched
during Read operation. Thus, the cell array supply switching
noise is reduced and the cell array supply switching speed
improved. Furthermore, in the ALP mode, only the cell array
supply of the selected column is switched, thus the power
consumption and noise can be further reduced, and the cell
array supply switching speed further improved. Besides, only
simple circuit structure is needed. For example, each column
only needs a power switch device and power keeper devices.
Also, for the circuit to operate in the ALP mode, only simple
decoding logic circuit is needed.

[0067] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.

1. A SRAM, comprising:

at least one memory cell circuit, comprising a latch circuit
with at least two inverters, and comprising two power
receiving terminals for receiving power; and
a power supplying circuit, for providing the power to the
memory cell circuit, such that supply voltages at the
power receiving terminals of the latch circuit are below
a first predetermined voltage level when data is written
to the latch circuit.
2. The SRAM of claim 1, wherein the memory cell circuit
includes a plurality of data accessing terminals and the data
accessing terminals are respectively controlled by at least two
pass-transistor switch devices.
3. The SRAM of claim 1, wherein the power supplying
circuit comprises:
aRead Enable Bar signal transmitting line, for transmitting
a Read Enable Bar signal;

a power switch device, for providing the power to one of
the power receiving terminal, and turns on/off according
to the Read Enable Bar signal;
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at least two power keeper device, having a first terminal
coupled to the first predetermined voltage level, and a
second terminal respectively coupled to the power
receiving terminals of the latch circuit;

wherein the power switch device is controlled by the Read
Enable Bar signal and turns on when the data stored in
the inverter coupled to the power receiving terminal
coupled to the power switch device is read.

4. The SRAM of claim 3, wherein the power switch device
is a PMOSFET having a gate terminal coupled to the Read
Enable Bar signal, a source terminal coupled to the first
predetermined voltage, and a drain terminal coupled to one of
the power receiving terminals.

5. The SRAM of claim 3, wherein the power keeper device
is a PMOSFET having a gate terminal coupled to ground
voltage level, a source terminal coupled to the first predeter-
mined voltage, and a drain terminal coupled to one the power
receiving terminals.

6. The SRAM of claim 3, wherein the power switch device
is a NMOSFET having a gate terminal coupled to the Read
Enable signal, a drain terminal coupled to the first predeter-
mined voltage, and a source terminal coupled to one of the
power receiving terminals.

7. The SRAM of claim 3, wherein the power keeper device
is a NMOSFET having a gate terminal coupled to the first
predetermined voltage, a drain terminal coupled to the first
predetermined voltage, and a source terminal coupled to one
of the power receiving terminals.

8. The SRAM of claim 1, wherein the power supplying
circuit comprises:

a Read Enable Bar signal transmitting line, for transmitting

a Read Enable Bar signal,

a plurality of power switch devices, for providing the
power to the power receiving terminals of a plurality of
the memory cell circuits, and turning on or off according
to the Read Enable Bar signal;

at least one power keeper device, having a first terminal
coupled to the first predetermined voltage level, and a
second terminal respectively coupled to the power
receiving terminals;

wherein the power switch device turns on when the data
stored in the inverter coupled to the power receiving
terminal coupled to the power switch device is read.

9. The SRAM of claim 8, wherein the power supplying
circuit further comprises: a plurality of logic circuits, receiv-
ing the Read Enable Bar signal and a memory cell Column
Select signal to output a power switch control signal, wherein
the power switch device turns on or off according to the power
switch control signal.

10. The SRAM of claim 9, wherein the logic circuits fur-
ther provide isolation control signals and the power supplying
circuit further comprises: a plurality of isolation devices,
respectively having a control terminal coupled to one of the
logic circuits, a first terminal coupled to the power keeper
device, and a second terminal coupled to the memory cell
circuit, wherein the isolation devices are controlled by the
isolation control signal to turn on or off.

11. The SRAM of claim 10, wherein the power supplying
circuit comprises more than one power keeper devices,
wherein the power keeper devices are programmable and can
provide different amount of current.

12. The SRAM of claim 8, further comprising:

a plurality of isolation devices, having a control terminal

coupled to a Isolation Enable signal, a first terminal



US 2012/0008449 A1l

coupled to the power keeper device, and a second termi-
nal coupled to the memory cell circuit, wherein the
isolation devices are controlled by the Isolation Enable
signal to turn on or off

13. The SRAM of claim 8, wherein the power supplying
circuit comprises more than one power keeper devices,
wherein the power keeper devices are programmable and can
provide different amount of currents.

14. The SRAM of claim 2, wherein the power supplying
circuit further comprises a logic circuit receiving the Read
Enable Bar signal and a memory cell Column Select signal to
output a power switch control signal, wherein the power
switch device turns on or off according to the power switch
control signal.

15. The SRAM of claim 1, wherein the power supplying
circuit comprises:

asecond predetermined voltage level providing source, for
providing a second predetermined voltage level lower
than the first predetermined voltage source;

aRead Enable Bar signal transmitting line, for transmitting
a Read Enable Bar signal;

a plurality of logic circuits, receiving the Read Enable Bar
signal and a memory cell Column Select signal to output
power switch control signals and isolation control sig-
nals;

a plurality of isolation devices, respectively having a con-
trol terminal coupled to one of the logic circuits, a first
terminal coupled to the second predetermined voltage
level, and a second terminal coupled to the memory cell
circuit, wherein the isolation devices are controlled by
the isolation control signal to turn on or off;

a plurality of power switch devices, for providing the
power to the power receiving terminals of a plurality of
the memory cell circuits, and turning on or off according
to the power switch control signals.

16. The SRAM of claim 15, wherein the second predeter-
mined voltage level providing source comprises a voltage
decreasing device for decreasing the first predetermined volt-
age level to generate the second predetermined voltage level.

17. The SRAM of claim 1, wherein the power supplying
circuit comprises:

a Read Enable signal transmitting line, for transmitting a

Read Enable signal;

a logic circuit, for receiving the Read Enable signal and
data to be written to the latch circuit to generate a power
control signal;
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at least two power switch devices, for providing the power
to the power receiving terminals according to the power
control signal;

at least two power keeper device, having a first terminal
coupled to the first predetermined voltage level, and a
second terminal respectively coupled to the power
receiving terminals of the latch circuit;

wherein the power switch device turns on when the data
stored in the inverter coupled to the power receiving
terminal coupled to the power switch device is read,

where the voltage level of the power receiving terminals
are changed corresponding to the data to be written to the
latch circuit.

18. The SRAM of claim 1, wherein the memory cell circuit

comprises:

a latch circuit, having a first access terminal and a second
access terminal, and having power receiving terminals to
receive the power from the Write Assist circuit;

a first pass-transistor switch circuit, having a first bit trans-
ferring terminal coupled to the first access terminal, a
first control terminal coupled to a first Write Word-Line,
and a second bit transferring terminal;

a second pass-transistor switch circuit, having a third bit
transferring terminal coupled to the second access ter-
minal, a second control terminal coupled to a second
Write Word-Line, and a fourth bit transferring terminal
coupled to the second bit transferring terminal;

a third pass-transistor switch circuit, having a fifth bit
transferring terminal coupled to the fourth bit transfer-
ring terminal, a third control terminal coupled to a Word-
Line, and a sixth bit transferring terminal coupled to a
Bit-Line;

a sensing amplifier, coupled to the Bit-Line, for determin-
ing a bit value appearing at the Bit-Line; and

a fourth switching circuit, having a control terminal
coupled to the first bit transferring terminal of the first
pass-transistor switch circuit, a first terminal coupled to
the fifth bit transferring terminal of the third pass-tran-
sistor switch circuit, and a second terminal coupled to a
reference voltage level.

19. The SRAM of claim 18, wherein the memory cell

circuit comprises:

a fifth switching circuit, having a first terminal coupled to
the fifth bit transferring terminal of the third pass-tran-
sistor switch circuit, a second terminal coupled to the
first terminal of the fourth switching circuit, and a con-
trol terminal coupled to the Word-Line.
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