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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE
HAVING A CONTROLLED OVERDRIVING CIRCUIT

Cross Reference
This application claims the benefit of U.S. Provisional Application No.

60/009,984, filed Jan. 26, 1996.

Background of the Invention

The invention relates generally to semiconductor circuit design and,
more particularly, to a method and apparatus for controlled overdriving on
a sense amplifying circuit.

Digital logic requires input and output data signals to meet defined
voltage levels to be interpreted as either “high” or “low.” However, typical
integrated circuits, or “chips,” utilizing digital logic also include data signals
at many voltage levels. As a result, sense amplifying circuits are utilized to
interpret, or “separate” the data signals, driving them to a target high or
low voltage level, thereby producing the correct voltage level for other
digital circuits on the chip. For example, a capacitor-type memory cell for a
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dynamic random access memory (“DRAM”) device utilizes very small bit
signals. Sense amplifier circuits residing on the DRAM device separate the
bit signals by comparing them to a precharge level, which is defined as a
level between the high and low levels of the memory cell. If the level of the
bit signal is above the precharge level, then the sense amplifier circuit
interprets the signal as a high, or logic 1, signal and drives the bit signal to
the target high voltage. If the level of the bit signal is below the precharge
level, thex; the sense amplifier circuit interprets the signal as a low, or
logic 0, signal and drives the bit signal to the target low voltage.

As technology progresses, the speed and accuracy of sense amplifier
circuits become more critical. For this reason, chip designers have tried
various methods to speed up the signal separation. For example, U.S.
Patent 5,257,232 to Dhong et al. teaches a method of overdriving a sense
amplifier circuit to speed up the signal separation. Although this method
succeeds in separating the signals quickly, it has drawbacks. One such
drawback is that the overdriving is inaccurate because when the sensing is
complete, the bit signals do not end up at the target high and low voltage
levels. Therefore, during an equalization period, the bit signals do not
return to the desired precharge level. Instead, the bit signals return to a
level that is offset, due to the overshot voltage during the sensing. As a
result, the precharge level becomes altered, and the sense amplifier circuits
do not interpret the next bit signal correctly.

Therefore, what is needed is a method and apparatus for overdriving
signals to achieve fast signal separation, while maintaining the accuracy of
sense amplifier operation.
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of the Invention The invention relates generally to

sem conductor circuit design and, nore particularly, to a nethod
and apparatus for controlled overdriving on a sense anph%; | n
circuit. Digital logic requires input and out put i nal s
to meet defined 5 vol tage levels to be interEmék@HNéségiiﬁﬁkﬁlﬁgﬂg" or
"l ow. " However, typical integrated circuits, or "chips," utilizing
digital logic also include data signals at many vol tage | evels. As
a result, sense anplifying circuits are utilized to Interpret, or
"separate" the data signals, Sun bethedmevdrtiant hi gh or | ow

vol tage | evel, thereby prqduci ng the corr ct, vol tage | evel for other 10
digital circuits %lﬁ,s D¢ Appeniien ﬁ%ﬂ’s ¥,dS @pHepr inaﬁfﬁﬁy cell for

a apparatus for overdriving s1gnals received by a sense amplifier circuit. To

this end, an overdrive circuit drives the signal to be sensed for a period of

5 time to a voltage level greater than a normal level. The period of time
during which the signal is overdriven corresponds to the location of the
sense amplifier circuit relative to a sense enabling circuit. Upon completion
of the overdriving, a normalization circuit drives the signal to be sensed for
a second period of time to the normal level, thereby preparing it for the next

10 memory cycle so that the signals can be once again set to a desired

precharge level.

A technical advantage achieved with the present invention is that it
enables sense amplifiers to separate the bit lines quickly, while maintaining
accuracy.

15 Another technical advantage achieved with the present invention is
that the length of time a signal is overdriven is directly related to the

location of the sense amplifier relative to the sense enabling circuit.

Brief Description of the Drawings
20 Fig. 1 1is a block diagram of a 256 Mbit DRAM embodying features of

the present invention.
Fig. 2 is a schematic block diagram of a voltage generator.
Fig. 3 is a block diagram of an array block of the 256 Mbit DRAM of
Fig. 1.
25 Fig. 4 is a schematic diagram of the sense amplifier delay unit of Fig.
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Fig. 5 is a schematic block diagram of one sense amplifier control unit
of Fig. 3.
Fig. 6 is a schematic diagram of one subarray of Fig. 3.
Fig. 7 is a timing diagram of the circuits of Figs. 4-6.
5 Fig. 8 is a timing diagram of a first implementation of an overdrive
circuit of the present invention.
Fig. 9 is a timing diagram of a second implementation of an overdrive
circuit of the present invention,
Fig. 10 is a timing diagram of a preferred implementation of an
10 overdrive circuit of the present invention.
Fig. 11 is a schematic diagram of the preferred implementation of the
overdrive circuit of the present invention.
Fig. 12 is another schematic diagram of the preferred implementation
of the overdrive circuit of the present invention.
15

Detailed Description of the Preferred Embodiment
In Fig. 1, the reference numeral 10 refers to a memory device

embodying features of the present invention. While in a preferred
embodiment of the invention, the device 10 is a 256 Mbit dynamic random
20 access memory (“DRAM?”), it should be understood that the present
invention is not limited to use with a DRAM, but may be used in
conjunction with any integrated circuit device that requires accurate, high
speed, signal amplification.
The device 10 inciﬁdes a number of control signal pads and power
25 pads. The control signal pads include address pads 12a - 12b, each of which

is connected to an external controller (not shown). The power pads include
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| evel between the high and |ow | evels of the menory cell. If the |evel of

the 5 bit signal is above the precharge |evel, then the sense
anplifier circuit . interprets the signal as a high, or logic 1,
signal and drives the bit signal to the target high voltage. If
the level of the bit signal is below the precharge | evePATIBIN¥E t he

sense anplifier circuit interprets the signal as ®Ddchket Nv. 5774.32 (GTB

0, signal and drives the bit signal to the target |ow voltage. 10

As technol ogy progresses, the speed and accuracy of sense anplifier
circuits becone nore critical. For this reason, chip designers have tried

various mt&%g%?@f&gﬁﬁﬁ%ﬁﬁﬁ%% 12883624 hggamfé? lor PHAHRH SpowérS:
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target high andaf ow vol Therefore, during a
equal §zat i oeolpam ddcotiehelfbanda gwaldsc@ﬂernlﬂ The array blocks are selected by

signals from the address pads 12a, 12b, through the main address decoders
16, 18. Array block 14, which is representative of the remaining array
blocks, is further divided into many subarrays, each generally referenced by
the letter A and discussed in greater detail below in relation to Fig. 8.

10 Referring to Fig. 2, in addition to the VDD and VSS power supplies,
the device 10 includes a voltage circuit 20 for producing an internal voltage
V1. The voltage circuit 20 includes an array power supply (VARY) generator
22, a resistor R1, a transistor 24, and an operational amplifier (op amp)
OP1. The VARY generator 22 is a conventional voltage generator for

15 producing a stable and consistent voltage VARY such that VSS < VARY <
VDD.

In normal operation, no current is flowing through the resistor R1,
and therefore the voltage V1 is equal to VARY. As a result, the op amp
OP1 has an output VOP equal to VSS, and the transistor 24 remains off.

20 However, during overdrive operations, external power sources, to be
discussed later, pull V1 above VARY. When this happens, the op amp
output VOP is greater than VSS, and the transistor 24 turns on, thereby
pulling V1 to ground. As V1 is being pulled towards VSS by the transistor
24, it reaches a point where V1 is equal to VARY. At this time, the op amp

25 output VOP is once again equal to VSS, and the transistor 24 turns off.
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return to the desired precharge level. Instead, the bit signals return to a

20 |l evel that is offset, due to the overshot voltage during the
sensing. As a result, the precharge | evel becones altered, and the
sense anplifier circuits do not interpret the next bit signa
correctly. Therefore, what is needed is a net hod RABENT
apparatus for overdriving signals to achiBeeketaNo. 87 3h3R (GT3-4)
separation, while maintaining the accuracy of 25 sense anplifier

oper ati on.

For the remainder of the detailed description, the array block 14 will
be described, along with only a few subarrays and circuits associated with
the array block. However, it should be understood that the discussion of
the array block 14, individual subarrays of array block 14, individual bits of

5 the subarrays, and circuits surrounding the subarrays, are limited in
quantity only for ease in description. Therefore, the remaining description
is a simplified version of the preferred embodiment and is intended to
illustrate, and not to limit, the invention.

Referring to Fig. 8, the array block 14 comprises m*n subarrays A,

10 such that 1 < x<m and 1 <y £n. The subarrays are accordingly
referenced in column, row form and include subarrays A |, - A .. The row
of subarrays A, comprises the subarrays closest to the center of the device
10 (Fig. 1), and the row of subarrays A, comprises the subarrays farthest
from the center of the device. Associated with each subarray A, is a sense

15 amplifier area SA,  and an overdrive control circuit OV, , For example, the
sense amplifier area SA |, and the overdrive control circuit OV ; are
associated with the subarray A ;. Furthermore, associated with each row
of subarrays A, is a'sense amp control circuit SAC ,, a select signal MS ,,
and sense signals SAN , SAP1 _, and SAP2 . For example, the sense amp

20 control circuit SAC ;, MS, select signal SAN,, and the SAP1,, and SAP2,
sense signals are associated with the subarrays A ;;, A, ... AL

The select signal MS, - MS, electrically connect circuits (not shown)
in the row decoder 18 (Fig. 1) with sense amp control circuit SAC, - SAC,
circuit respectively. Likewise, the sense signals SAN/SAP1/SAP2, -

25 SAN, /SAP1 /SAP2, electrically connect the sense amp control circuits SAC, -
SAC,, with the entire row of overdrive control circuits OV ,; - OV,

-8 -
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Summary of the Invention The present invention, accordingly,

1§ an inproved nethod and apparatus for overdriving signals
recei ved by a sense anplifier circuit. To this end, an overdrive
circuit drives the signal to be sensed for a period of 5 tine to.a

voltage | evel greater than a normal |l evel. The period of tine PATENT
during which the signal is overdriven corresponds PockdteNpogA74.88 (G¥T3-#p
sense anplifier circuit relative to a sense enabling circuit. Upon

conpl etion of the overdriving, a normalization circuit drives the
signal to be sensed for a second period of tine to the nornal

l'evel, ther eaypévtiidy.| Mhel dverdfive @nhl lcirkdits OVIERREAISY EbiensRed Rata t he
S|gnals can be once again set to a desired
VSS power line 30, a VDD power line 32 and a V1 power line 34. The sense
amp control circuits SAC, - SAC, are also connected to two sense amp
enable lines SAE1 and SAE2. The VSS and VDD power lines 30, 32 are
5 driven by the VSS and VDD pads 12d, 12¢ (Fig. 1), the V1 power line 34 is
driven by the voltage generator circuit 20 (Fig. 2) and the two sense amp
enable 1ings SAE1 and SAE2 are driven by a sense amp delay (SAD)
circuit 35.
Referring to Fig. 4, the SAD circuit 35 receives a conventional sense
10 amp enable signal, SAEB, and drives the two sense amp enable lines SAE1
and SAE2. The SAE1 signal follows the SAEB signal with only a minimal
delay. However, the SAE2 signal follows the SAEB signal after a
significant delay caused by a series of delay units 36, each of which
comprises a plurality of capacitive loads and inverters to delay the
15 propagation of the SAEB signal.

Each of the remaining circuits, signal lines, sense amp areas and
subarrays identified in Fig. 3 are identical. Therefore, Figs. 5-8, discussed
below, will only describe a representative sense amp control circuit, signal
lines, sense amp area and subarray. Once again, it should be understood

20 that the discussion of the representative sense amp control circuit, signal
lines, sense amp area and subarray, are limited only for ease in description.
Therefore, the following description is a further simplified version of the
preferred embodiment and is intended to illustrate, and not to limit, the
invention.

25 Referring to Fig. 5, the SAC circuit receives the two sense amp enable
lines SAE1 and SAE2, and the signal MS and drives the three sense signals
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precharge | evel. A techni cal advantage achieved with the
present invention is that it enabl es sense anplifiers to separate
the bit lines quickly, while maintaining : accuracy. 15

Anot her technical advantage achieved with the present invention is

that the Iength of tine a signal is overdriven is directly relat gsatpnNine

| ocation of the sense anplifier relative to the s | &

Brief Description of the Draw ngs 20 gﬁé&&"ﬁ@ %%am
of a 256 Mot DRAM enbodyi ng features of the present invention.

Fig. 2 is a schematic bl ock diagramof a voltage generator.

19 315 2ok o AR RS LheP B W s o B S
selection, and for this scaled-down representation of the preferred
embodiment, it will remain active (high). The SAN sense signal is active
high, and the SAP1 and SAP2 sense signals are active low. The SAN signal

5 is activated shortly after the SAE1 signal is activated. Likewise, the SAP1
signal is activated shortly after the SAEL signal is activated. However,
when the SAE2 signal is activated, the SAP1 sense signal is deactivated
and the SAP2 sense signal is activated. Therefore, the SAP1 sense signal is
active only for the amount of time the SAE2 signal is delayed from the

10 SAE1 signal.

Referring to Fig. 6, the subarray A contains a plurality of memory
cells, or “bits,” represented by bits B1-B9. The bits B1-B9 are identical,
some being schematically illustrated for the sake of example. The bits are
aligned in rows, wherein each row is activated by a word line. For example,

15 the top row, containing the bits B1-B3, is activated by the word line WL,
and the bottom row, containing the bits B7-B9, is activated by the word line
WL,.
Each of the bits is also connected to a bit line. According to the
configuration of Fig. 6, the bit lines run vertically through the subarray A,
20 through transfer gates 40, 44, and into individual sense amplifier circuits
located in the sense amplifier area SA. For example, a bit line BL is
connected to the bits B4 and B7, passes through the transfer gate 40 and
into a sense amplifier circuit 42. Likewise, a bit line BLB is connected to
the bit B1, passes through the transfer gate 44 and into the sense amplifier
25 circuit 42. The sense amplifier circuit 42 contains a conventional latching
section 46 and an equalization section 48. The latching sections of all the

-8-
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25 Fig. 4 is a schematic diagram of the sense anplifier delay
unit of Fig. 3.
-4-
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sense amplifier circuits in the sense amplifier area SA are controlled by two
latching signals SDN and SDP. Likewise, all of the normalization sections
are controlled by a signal BLEQ and all the transfer gates are controlled by
a signal SHR.

5 The SDN and SDP latching signals are driven by common source
switch transistors, including two p-type metal oxide semiconductor
(“PMOS”) transistors 50 and 52, and one n-type metal oxide semiconductor
(“NMOS”) transistor 54, located in the overdrive control circuit OV. The
PMOS transistor 50 is connected between the V1 power line 34 and the SDP

10 latching signal line, and its operation is controlled by the SAP2 signal line.
The PMOS transistor 52 is connected between the VDD power line 32 and
the SDP latching signal line, and its operation is controlled by the SAP1
signal line. The NMOS transistor 54 is connected between the VSS power
line 30 and the SDN latching signal line, and its operation is controlled by

15 the SAN signal line.

Referring to Figs. 5-7, a sensing operation is initiated by the
activation of the SAEB signal. Immediately following activation of the
SAEB signal, the SAD circuit 35 activates the SAE1 signal. As a result, the
SAC circuit activates both the SAN and SAP1 signals, thus beginning an

20 overdrive period 60. The PMOS transistor 52 and the NMOS transistor 54
are enabled, activating the two latching signals SDP and SDN by
connecting them to the VDD and Vss, respectively.

In response to the activation of the latching signals SDP and SDN,
the data signals on bit lines begin to separate. However, due to the length

25 of the bit lines and the capacitive load resulting from all the bits connected
thereto, the portion of the bit lines located in the sense amplifier area SA

-9-
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Fig. 5is a schematic bl ock diagram of one sense anplifier control unit

of Fig. 3. Fig. 6 is a schematic diagram of one subarray of
Fig. 3. Fig. 7 is a timng diagramof the circuits of Figs
4-6. 5 Fig. 8is atimng diagramof a first |nplenean&kﬁﬁh

an overdrive circuit of the present invention

is a timng diagramof a second inplenentation of:EndﬁﬁdNQrEZZéiﬁLﬂilﬁig
circuit of the present invention. Fig. 10 is a timng diagram
of a preferred inplenentation of an 10 overdrive circuit of the present
I nventi on. Fig. 11 is a schematic diagramof the preferred

i mpl ement at ibehaoés differently ﬁronoﬂl&s gortien of theibit Iified Izapsd fiethe isabantdyon.

Fig. 12 is another sch matic agra of the preferred, | opl epentatjon
of the over§f-i Ver examp ,@?nsa rqu bt dinesgil @B?a% the portion of

the bit lines located in the sense amplifier area SA is represented by the
timing diagram of BLg, and BLBg,. The portion of the bit lines BL and
5 BLB located in the subarray A is represented by the timing diagram

of BLy;, and BLB ;. The bit line portions BLg, and BLBg, are the least
affected by the capacitive load of the bits and the signals thereon, and
separate very quickly. However, the bit line portions BLy,, and BLBy,, are
the most affected by the capacitive load of the bits and the signals thereon,

10 and separate slower.

The overdrive period 60 is maintained until the BLy, and BLg, bit
lines reach the VARY voltage level and the BLBy,, and BLBg, reach the Vss
voltage level. At that point, the SAC circuit deactivates the SAP1 signal by
disabling the PMOS fransistor 52 and activates the SAP2 signal by enabling

15 the PMOS transistor 50. As a result, a normalization period 62 begins.
During the normalization period 62, the PMOS transistor 50 activates the
latching signal SDP by connecting it to the V1 power line. The
normalization period 62 brings the signals on bit lines to their desired VARY
voltage level. Thereafter, during an equalization period 65, the signals on

20 bit lines will accurately go to a precharge level 63, which is exactly half-way
between VARY and VSS, in response to the BLEQ signal. Likewise, the
BLEQ signal will equalize the latching signals SDN and SDP, causing them
to go to the precharge level 638 during the equalization period 65.

Referring also to Fig. 2, the normalization period 62 is enhanced by

25 the operation of the voltage generator circuit 20. Because the SDP latching
signal line was previous connected to VDD, it pulls the V1 voltage up

-10-
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Det ai | ed Description of the Preferred Enbodi nent In Fig. 1,

the reference nuneral 10 refers to a nenory device enbodyi ng
features of the present invention. Wiile in a preferred enbodi nment
of the invention, the device 10 is a 256 Mit dynam c random 20 access
menory ("DRAM'), it should be understood that the present PAMBNITI on
is not limted to use with a DRAM but may be usedDogket No. 5774988 (FP8i49N
with any integrated circuit device that requires accurate, hig

speed, signal anplification. The device 10 includes a nunber
of control signal pads and power 25 pads. The control signal pads

el e, 20553 U o sy 1S 1 bl o e PRRS e e
VARY voltage generated by the VARY generator 22. Due to the voltage
difference on the input of the op amp OA, the op amp turns on the
transistor 24, thereby shorting V1 towards VSS. This discharges the

5 capacitive load of V1 until V1 once again equals VARY. When this occurs,
the op amp OA, turns the transistor 24 off again, and the V1 voltage level
stabilizes to the VARY voltage level.

The effect of V1 being pulled towards VSS is more apparent on the bit
line portions located in the sense amp areas than the bit line portions

10 located in the subarrays. For example, the BLg, signal, whose voltage level
was previously at or near VDD, is pulled down quickly back to VARY.
However, the BLy, signal, whose voltage level was previously near VARY,
effectively remains at that level due to the high capacitive load of the bits
connected to the bit line.

15 Although Fig. 7 is the timing diagram for a representative subarray
A, in the preferred embodiment, the timing diagram of each subarray is a
function of its location. For example, the bit line wave form of subarray
A, ;, representing the row of subarrays closest to the center of the device 10
(Fig. 1), will be different from the bit line wave form of subarray A |,

20 representing the row of subarrays farthest from the center of the device.
This is because load resistance and capacitance of the VDD and VSS power
lines increase from the center of the device to the edge of the device. As a
result, the OV, circuit supplies more VDD ;and VSs power than OV |,
which causes the signals on the bit lines of subarray A , | to separate faster

25 than the signals on the bit lines of subarray A .

-11-
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5 a positive power supply (VDD) pad 12c and a negative or

ground power supply (VSS) pad 12d, each connected to an externa
power supply (not . shown). The device 10 al so includes a set of
array bl ocks of nenory cells, such as an array block 14, and a
group of main address decoders, such as a 5 col um decoder TBATRENR

row decoder 18. The array bl ocks are selected by Docket No! 8924 32((Pra.ihe
address pads 12a, 12b, through the main address decoders

Referring to Fig. 8, in a first implementation, an overdrive period 64
is optimized for the subarray A ,,. In this implementation, the period 64 is
made just long enough so that the level of the bit line BLy,, signal of
subarray A, reaches the VARY level at point P1. However, in this

5 implementation, the level of the bit line BLy, of subarray A |, does not
reach the VARY level until the point P2. As a result, although this
implementation works well for the subarray A, ;, it does not provide the full
benefit of overdriving to the subarray A .

Referring to Fig. 9, in a second implementation, an overdrive period

10 66 is optimized for the subarray A ,,. In this implementation, the delay is
made just long enough so that the signal on the bit line BLy,, of subarray
A, reaches the VARY level at point P3. Furthermore, in this
implementation, the level of the signal on bit line BLy,, of the subarray A, ;
also reaches the VARY level quickly, as shown at point P4. However, the

15 overshoot of the signal on bit line BLg, of the subarray A |,is extremely
high, as shown at point P5, and furthermore, the overshoot of the signal on
bit line BLy,, of the subarray A ,, is higher than the V1 level. As a result,
the ability of the SAP2, signal to pull down the bit line BLg, and BLy,, of
the subarray A, during the normalization period (Fig. 7) becomes difficult.

20 Some relief can be accomplished by connecting a capacitance C to the V1
line (Fig. 3), thereby stabilizing the V1 voltage level during the
normalization period.

Referring to Fig. 10, and in particular, the solid-lined waveforms, in a
preferred implementatiox_l, the benefits of the prior two implementation are

25 realized by a number of design considerations. First, referring also to Figs.
3-4, the size of the SAE1 driver is made larger than the size of the SAE2

-12-
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16, 18. Array block 14, which is representative of the remaining array
bllocks, is further divided into many subarrays, each generally referenced

by the letter A and discussed in greater detail belowin relation
to Fig. 3. 10 Referring to Fig. 2, in addition to the VDD and
VSS power suppli es, the device 10 includes a vol tage cir CRATENTS or
produci ng an internal voltage V1. The vol t pgeL&i N%UBV@%ZI%@—T §s
an array power supply (VARY) generator 22, a resist

transi stor 24, and an operational anplifier (op arrp) OPl. The VARY
generator 22 is a conventional voltage generator for 15 produ0|ng a

bl d ' I Y, VSS S,V
T nor mal oGRS oNCCAb CETEIRE FLFTE o AR Ly BUBRRNA. PEUhe SAE Tignal
and t her ef orignd Renle Megeihdie adfidth 12 oV AR SAMD? 8igis Yire, TP an

OP1 has an output VOP equal to Vss, and the transistor 24 remains off. 20
However , durmagnav,eﬂmrasmtapee af the SARX sigoad ﬂlmmade @reater thantthat of

di scussed | agerg Y] dignia1 BRSY Sas A Fsull 'l RIG %3RSI unt 3% IBr HB sAR2
5 signal line is large, as compared to the SAE1 signal line. Accordingly, at
the subarray A, ;, the SAE1 signal transitions quickly, and the SAE2 signal
transitions quickly. As a result, an overdrive period 68 for the subarray A

11 is relatively short, similar to the overdrive period 64 of Fig. 8. However,
~ because the SAE2 driver is smaller than the SAE1 driver, and the RC
10 constant of the SAE2 signal line is greater than that of the SAE1 signal
line, the SAE2 signal at the subarray A, , will transition slower than the
SAE1 signal. As a result, an overdrive period 70 for the subarray A, is
relatively long, similar to the overdrive period 66 of Fig. 9.
A third design consideration, referring also to Figs. 8 and 12, may be
15 utilized to adjust the period of overdrive. For example, at line portions LP |,
LP,, ...LP_,of the SAE2 signal, delay circuits DL,, DL,,. . . DL, are
placed between each SAC circuit. As a result, the SAE2 signal transitions
slower at the subarray A ;, than at the subarray A ,, and the overdrive
period 70 for the subarray A _ is relatively long, compared with the
20 overdrive period 68 for the subarray A,,. Although not shown, in addition
to or instead of the delay circuits, monitor circuits may be implemented for
monitoring bit line voltages and adjusting the overdrive period, accordingly.
Furthermore, the delay circuits may be used in combination with the
previously mentioned design considerations.
25 Referring again to Fig. 10, the improvements of the different length
overdrive periods 68 and 70, are illustrated by the solid-line waveforms and
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output VOP is greater than VSS, and the transistor 24 turns on, thereby
pulling V1 to ground. As V1 is being pulled towards VSS by the transistor
24, it reaches a point where V1 is equal to VARY. At this tine, the op anp
25 output VOP is once again equal to VSS, and the transistor 24 turns

of f. -6-  PATENT
Docket No. 5774.32 (GT3-4)

the dotted-line waveforms. The dotted-lines 72 and 74 represent the
corresponding waveforms for BLg,(A,) and BLy (A)) of Fig. 9. The solid-line
waveforms 73 and 75, which are the actual waveforms for the preferred
implementation, are similar to the corresponding waveforms for BLg,(A | )
5 and BLy, (A ) of Fig. 8. This is because the overdrive period 68 is
approximately equal to the overdrive period 64 of Fig. 8, thereby
maintaining all the benefits of having an overdrive period optimized for the
subarray A,. In addition, the dotted lines 76 and 78 represent the
corresponding waveforms for BLg,(A ;) and BLy; (A | ) of Fig. 8. The solid
10 line waveforms 77 and 79, which are the actual waveforms for the preferred
implementation, are similar to the corresponding waveforms for BLg,(A ;)
and BLy (A ;) of Fig. 9. This is because the overdrive period 70 is
approximately equal to the overdrive period 66 of Fig. 9, thereby
maintaining all the benefits of having an overdrive period optimized for the
15 subarray A .

Although illustrative embodiments of the present invention have been
shown and described, a latitude of modification, change and substitution is
intended in the foregoing disclosure, and in certain instances, some features
of the invention will be employed without a corresponding use of other

20 features. For example, an alternative embodiment may be created for
controlled overdriving of the low-going bit line with a voltage that exceeds
VSS in the negative direction. Furthermore, additional buffers, drivers,
delay circuits and other circuits may be added to the illustrative
embodiment without altering the scope of the invention. Accordingly, it is

25 appropriate that the appended claims be construed broadly and in a manner

consistent with the scope of the invention.
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For the remainder of the detailed description, the array block 14 w ||

be described, along with only a few subarrays and circuits associated with
the array bl ock. However, it should be understood that the discussion of
the array block 14, individual subarrays of array block 14, individual bits
of 5 t he subarrays, and circuits surrounding the subarrays, PAFENT
limted in quantity only for ease in descpgopkiONo. Ehgaefn e
remai ni ng description is a sinplified version of the preferre
enbodi ment and is intended to illustrate, and not to limt, the

I nventi on. Referring to Fig. 3, the array block 14

conprises nrn subarrays A [err], 10 ggﬁcg that 1 < x < maﬁ@&mm%eamepiaced

The subarrays are accordingly nced in colum, r

i ncl ude subaNhayss Aldigtedlis: A [err]. The row of subar l
conprises the subarrays closest to the center of the device

(Fig. ), and thel—rowt‘bfsegumli‘wgrﬂfﬂmﬁq){ CEBRPSMEs t he subarrays farthest

2 a pair of bit lines;
3 a plurality of word lines;
4 a plurality of dynamic memory cells each of which is coupled to one of
5 said pair of bit lines and one of said plurality of word lines;
. 8 a sense amplifier including a pair of PMOS transistors and a pair of
7 NMOS transistors, each of said pairs of PMOS and NMOS transistors
8 having sources coupled in common, drains coupled to said pair of bit lines,
9 respectively, and gates cross-coupled to said drains, respectively;
10 a first power supply terminal;
11 a second power supply terminal;
12 a first switch transistor coupled between said first power supply
13 terminal and said sources of said pair of PMOS transistors;
14 a second switch transistor coupled between said second power supply
15 terminal and said sources of said pair of PMOS transistors; and
16 a voltage generator for providing said first power supply terminal
17 with a first voltage that is lower than a second voltage supplied to said
18 second power supply terminal,
19 wherein said sense amplifier provides said pair of bit lines with a
20 pair of complementary signals having a high side voltage and a low side
21 voltage on the basis of information of a memory cell selected from said
22 plurality of dynamic memory cells,
23 wherein, in a first period, said high side voltage is raised over said
24 first voltage in response to said second switch transistor being enabled, and
-15 -
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fromthe center of the device. Associ aPed—with each subarray Alerr] is a
sense 15 anplifier area Sfg oyerdrive control circuit OV  For
exanpl e, the sense a err] and the overdrive
control circuit OVerr] are Mﬁg ﬁ ed with the subarray A [err].
Furthernore, associated with e of subarrays Al er rpATENET

sense anp control circuit SAC [err], a select si gnﬁ cﬁ@;ﬁ% 5]7743? $§T§ 4} and

sense signals SAN [err], SAP1 [err] and SAP2 [err]

anp 20 control circuit SAC [err] M err] select SI gnal SAN err] and the
SAP[err], and SAP[err] sense signals are associated with the
subarrays A [err] [err] ele si gn

MS[erd] - MB[err W xncasswsgnﬁ@eé fellowing §m@nﬁ¥5t59ﬁﬂﬁ£ said high & eh t he
row dgcoder v%ﬁtage: 19 lo\?v%r{& iﬂ‘r 3o T Rsat® ﬁtrét’éwfﬂchcﬂz‘hhsé&q Béihk enabféd €' 1l
ci rcwt respec ew se € sense Si

SAN| @7r ]/ SA!bebha];/sARthgh bide ﬂﬂtage lﬁ&ﬂ[mrsﬁdﬁﬁﬂmnaké SAP2[ err]

el ectrically connect the sense anp control circuits SACerr] -

SACerr], with the entire row of overdrive control circuits OV [err] - OV

[err] g 2. A semiconductor memory according to claim 1, wherein said
2 voltage generator has a discharge circuit for lowering said high side voltage.

3. A semiconductor memory according to claim 2, further
comprising:

a third power supply terminal for receiving a third voltage; and

a third switch transistor coupled between said third power supply
terminal and said sources of said pair of NMOS transistors,

wherein, in said first and second periods, said low side voltage is set

to said third voltage in response to said third switch transistor being

0 ~1 O O B W N

enabled.

4. A semiconductor memory comprising:

first and second power supply terminais;

first and second power supply lines, each of which has a first end
coupled to the corresponding one of said first and second power supply
terminals and extends in the same direction as each other;

first and second memory blocks, each of which comprises a plurality
of pairs of bit lines, a plurality of word lines, a plurality of dynamic memory
cells and a plurality of sense amplifiers coupled to said plurality of pairs of

W O ~I O D o W N e

bit lines, respectively, wherein each of said plurality of sense amplifiers
includes a pair of PMOS transistors and a pair of NMOS transistors, and

ey
[

-16 -
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-7- respectively...The-overdrive. control circuits OV [err] are
al'so connected to a Th:sS%S ovver |line 30, a VDD power |line 32 and a

V1 power line 34. The sense trol circuits SACerr] -

SAC[ err] are al so connected “W!MW# enabl e |ines SAEl and

SAE2. The VSS and VDD power PATENT
Docket No. 5774.32 (GT3-4)

11 wherein each of said pairs of PMOS and NMOS transistors has sources
12 coupled in common, drains coupled to the corresponding pair of bit lines,
13 respectively, and gates cross-coupled to said drains, respectively;
14 a first switch transistor coupled between a first portion of said first
15 power supply line and said sources of pairs of said PMOS transistors in said
16 first memory block;
17 a second switch transistor coupled between a second portion of said
18 second power supply line and said sources of said pairs of PMOS transistors
19 in said first memory block;
20 a third switch transistor coupled between a third portion of said first
21 power supply line and said sources of said pairs of PMOS transistors in said
22 second memory block;
23 a fourth switch transistor coupled between a fourth portion of said
24 second power supply line and said sources of said pairs of PMOS
25 transistors in said second memory block; and
26 a voltage generator for providing said first power supply terminal
27 with a first voltage which is lower than a second voltage supplied to said
28 second power supply terminal,
29 wherein said first portion of said first power supply line is located
30 between said third portion of said first power supply line and said first
31 power supply terminal,
32 wherein said second portion of said second power supply line is
33 located between said fourth portion of said power supply line and said
34 second power supply terminal,
35 wherein each of said sense amplifiers in said first memory block
36 provides the corresponding pair of bit line with a pair of first
-17 -
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5 driven by the VSS and VDD pads 12d.. 12c¢ (Fig. 1), the V1 power |ine

34 is driven by the voltage generator circuit 20 (Fig. 2) and the
two sense anp enablThis Shieptdizs By Replaget SAE2 are driven by a sense anp
del ay (SAD) CII’CUIt Referring to Fig. 4, the
SAD circuit 35 receives a co e 10 anp enabl e siEAq'IENT
SAEB, and drives the two sense arrp enabl e |ines SAB)L ?tNo m_rg%%ﬂhe

SAE1 signal follows the SAEB signal with only a m ni
However, the SAE2 signal follows the SAEB signal after a
significant del ay caused by a series of delay units 36, each of which

or opdbat | on reRRwskaty sl havic a HER o vOREE WB1 s I IS olAge oB

circids, siyBRPadis BPﬁafo%ﬁﬁ%ﬂn@éﬁér@d (R ﬁi@ﬁhory cell selé&aarff@mssmeqﬂﬁﬁh@d in
Fig. 3 are identical. Therefore, Figs. 5-6, discussed bel"ow, wl |

only 8fescri bﬁ‘dyrxamlcemem(n‘yioelissnmdﬁrpt DWRTROWH bh)ickcw t, signal
a NS0 S€NSe amP & glgellal,nl% glﬁrs%riaae od 84l Pdﬁ%% Side' vol %%uil)fdsalﬁ puarﬁd% %trsé)d

41 complementary signals is raised over said first voltage in response to said

eray.

42 second switch transistor being enabled, and
wherein, in a second period following said first period, said high side

43

44 voltage of said pair of first complementary signals is lowered in response to
45 said first switch transistor being enabled so that said high side voltage is
46

set to said first voltage.

1 5. A semiconductor memory according to claim 4, wherein each of

2 said sense amplifiers in said second memory block provides the

3 corresponding pair of bit lines with a pair of second complementary signals

4 having a high side voltage and a low side voltage on the basis of information

5 stored in a memory cell selected from said plurality of dynamic memory

6 cells in said second memory block,

7 wherein, in a third period, said high side voltage of said pair of

8 second complementary signals is raised in response to said fourth switch

9 transistor being enabled, and
10 - wherein, in a fourth period following said third period, said high side
11 voltage of said pair of second complementary signals is raised continuously
12 in response to said third switch transistor being enabled so that said high
13 side voltage is set to said first voltage.

- 18 -
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20 that the discussion of the representative sense anp control circuit,

si gnal |l i nes, sense - aan ubarra are limted only fo
! . &l Y, . y ror
ease in description. i . pecn Replace ol l owi ng description is a
further sinplified version of uﬂmnl referred enbodi ment and is
intended to illustrate, and n

: _ he i nventi on.pXPENT
Referring to Fig. 5 the SACcircuit receives theDt SRAS87 9 K]
| i nes SAE1 and SAE2, and the signal MsS and drives Pﬁ%ettﬁlgé ; S

6. A method for driving a data signal to a desired level comprising
overdriving the data signal with an overdrive voltage for a first period and
driving the data signal with a second voltage for a second period, wherein
the second voltage pulls the data signal to the desired level.

B W N

7. The method of claim 6 wherein the overdrive voltage exceeds

ek

the desired level.

8. The method of claim 6 wherein the first period is initiated by a
first enable signal and the second period is initiated by a second enable

signal.

(#e]

9. The method of claim 8 wherein the data signal is used in an
amplifier circuit, the enable signals are generated by an enable circuit, and
a length of the first period is responsive to the location of the amplifier

Ll -

circuit relative to the enable circuit.

10. A method for driving first and second signals to a desired level
comprising overdriving the first signal with an overdrive voltage for a first
period; overdriving the second signal with the overdrive voltage for a second
period; driving the first signal with a second voltage for a third period and
driving the second signal with the second voltage for a fourth period,
wherein the second voltage pulls the first and second signal to the desired

=1 O Ot i W N s

level.

-19 -
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g

menory cell

SAN, SAP1, and SAP2. The select signal MS is used for

sel ecti ofy, nc{ or this scal ed-down representation of
the preferred enbodi L as eplagedini N active (high). The SAN
sense signal is active ’TT ’H’ ,” SAP1 and SAP2 sense signals
| .

are active low The SAN signa

si gnal

vated shortly after pAPERRAEL

Is activated. Likew se, the SAP1 horRak o %Eﬁ)
shortly after the SAEl signal is activated. Hovvevse]?, b NG PP N8 Gta 4 AE2

si gnal

is activated, the SAP1l sense signal is deactivated and the

SAP2 sense signal is activated. Therefore, the SAP1 sense signal is

act i vgl
[

SAE1
2

N I I

= S O A W N

N R

opLy 101 4e 28t filod b Bt ATRrSOBY oborelflVGdd SIS 18610

first signal past the desired level.

12. The method of claim 10 wherein the first and second periods
are initiated by a first enable signal and concluded by a second enable
signal, and wherein the third and fourth periods are initiated by the second
enable signal.

13. The method of claim 12 wherein the first and second signals
are used in a first and second circuit, the enable signals are generated by
an enable circuit, and a length of the first and second periods are responsive
to the location of the first signal circuit relative to the enable signal circuit,
and lengths of the third and fourth periods are responsive to the location of
the second signal circuit relative to the enable signal circuit.

14. The method of claim 12 wherein the first and second periods
are of different lengths.

15. The method of claim 14 wherein the first signal initiates the
first and second periods at approximately the same time, and the second
signal concludes the first period before the second signal concludes the

second period.

16. The method of claim 15 wherein the first and second signals
are utilized in a first and second circuit, respectively, and the time
difference between the length of the first period and the length of the

-20 -
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Referring to Fig. 6, the subarray A contains a-plurality of nenory

cells, or "bits," represented lﬁ’xis@i:é‘ BB:eL- 9.l The bits B1-B9 are identical,
sonme being schematically.illustr 2 e of exanple. The bits are
aligned in rows, wherein each rom ﬂ by a word line. For exanple,
15 the top row, containingt i is activated by thpAwWENT
line W.err], and the bottom row, containi im
activated by the word line Wlerr]. f‘ﬁc&@@l\fﬁ viid its
Is also connected to a bit line. According to the configuration of
Fig. 6, the bit lines run vertically through the subarray A 20 t hr ough
transfer gates 4Q, 44, and intq indiyidual sense anpljifier circuits

locat éd i n t3¢60Rd pEiodis respansize &9 the re Vee{);’&ﬁ’aPE,Ofeﬁ‘Siérsltﬁ@J ggcopd
conneg§ ed tq, its B4 and B7, passes through the transfer gate 40 and
into a sense anplifier circuit 42. Likewise, a bit line BLB is connected to
the bit Bl, passes through the transfer gate 44 and into the sense

P02 | e Hsentd e EASE 18RS o deGhhd vERag2 s ke
2 the desired level for a first portion of the third and fourth periods, and _
3 equal to the desired level for the remaining portion of the third and fourth
4 periods. .
1 18. An apparatus for driving a data signal in a circuit to a desired
2 level comprising means for overdriving the data signal with an overdrive
3 voltage for a first period and means for driving the data signal with a
4 second voltage for a second period to pull the data signal to the desired
5 level.

19. The apparatus of claim 18 wherein the means for overdriving
2 the data signal with the overdrive voltage pulls the signal above the desired

3 level.

1 20. The apparatus of claim 18 further comprising a first enable

2 signal for initiating the first period and a second enable signal for

3 concluding the first period and initiating the second period.

1 21. The apparatus of claim 20 further comprising an enable circuit
2 for generating the first and second enable signals wherein the timing of the
3 generation of the second enable signal is responsive to the distance between
4 the location of the enable circuit and the location of the data circuit.

-921-
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sectlon 46 and an equali zatlon sectlon 48. The Iatch| ng sections of all

= W N B W N Do 1 O o o W =

W NN =

s
controlled by two

anplifi inegt Hag Been

i

anplifier area SA

i

PATENT
Docket No. 5774.32 (GT3-4)

22. A circuit for driving first and second signals to a desired level
comprising means for overdriving the first signal with an overdrive voltage
for a first period; means for overdriving the second signal with the overdrive
voltage for a second period; means for driving the first signal with a second
voltage for a third period; and means for driving the second signal with the
second voltage for a fourth period, wherein the means for driving the second
voltage pulls the first and second signals to the desired level.

23. The circuit of claim 22 wherein the means for driving the
overdrive voltage pulls the first signal past the desired level.

24,  The circuit of claim 22 further comprising means for generating
a first enable signal for initiafing the first and second periods and means
for generating a second enable signal for concluding the first and second
periods and initiating the third and fourth periods.

25. The circuit of claim 24 wherein the means for overdriving the
first signal and the means for overdriving the second signal are identical
circuits, and a length of the first period is longer than a length of the second

period.

26. The circuit of claim 25 wherein the difference in the lengths of
the first and second periods is responsive to the location of the means for
overdriving the first signal, and the means for overdriving the second signal
with respect to the means for generating a first enable signal.

-99.
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Iatchlng signals SDN and SDP. Ligke e& as e nornalization sections
are controlled by a signal BLEQ a fer gates are controlled
by a signal SHR. and SDP | atching signals are
driven by conmon source ors, including two p-type

met al oxi deI sem gonductor ( PIVDS ) tran5| stors 50 and 5ZpAgmNTDNe
n-type netal oxide sem conductor " NMOS") ok t é%d §d I n
t he overdrive control circuit OV. The I\/Dgtcgg‘?lls\ﬁ) 8174 |G}S?P§u;‘lt
connected between the V1 power |ine 34 and the SDP 10 | at chi ng si gnal
line, and its operation is controlled by the SAP2 si gnal l'i ne. The

PMOS t t 52

the sbLfPZL chi ng2Bi orlERe FHAEIt O FaiRSAp RS ST EoTere) 02 B saPL
sign in Do

i nea%O 25"{% ﬁgﬁ%n@ﬁ%&%?gngﬁrﬁﬁn&@ ele%gﬁggg‘?g{‘la%%%%@?gm roIrI ed

by 158  t hdghalcsndades the€rst period before thelﬁend isignalcobichulesthe, a

sensing operatiqon is jnitiated by the
4~ - second period.

1 28. The circuit of claim 27 wherein a length of time between the
2 conclusion of the first period and the second period is determined by the
3 location of the first and second signal.

29. The circuit of claim 24 wherein the second voltage is less than
the desired level for a first portion of the third and fourth periods, and
equal to the desired level for the remaining portion of the third and fourth

B W N

periods.

30. A dynamic random access memory structure comprising:

means for supplying a VDD voltage level;

means for supplying a VSS voltage level;

a voltage circuit for supplying a V1 voltage level;

a first bit line having a first voltage level signal thereon;

a second bit line having a second voltage level signal thereon;

a first sense amplifier circuit connected to the first bit line for driving
the first voltage signal to the V1 voltage level;

a second sense amplifier circuit connected to the second bit line for
driving the second voltage signal to the V1 voltage level;

a control circuit comprising:

W 00 ~1T & o A W N =

—
- O
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activation of the SAEB signal_, |Imediately follow ng activation of the
SAEB signal, the SAD circuit rass epl SAE1 signal. As a result, the
SAC circuit activates both th ] signals, thus beginning an 20
overdrive period 60. The PMOS and the NMOS transistor 54

are enabl ed, activating the two |atching signals SDP and SDN by PATENT
connecting themto the VDD and Vss, respectively. ;a% t -4)
response to the activation of the |atching signal gogglgt%od5 ,'32 QT34 t he
data signals on bit lines begin to separate. However, due to the length 25
of the bit lines and the capacitive load resulting fromall the bits

conn Sﬁt ed thereto, niera]a%s or %!‘rgpdr?\];intght ebﬁxt'stls'eggg aln?ﬁl?i'txgrdw'iﬁx hrl]g
13

sense“amplifier area SA
VDD voltage level for a first period;
14 means for overdriving the second sense amplifier with
15 the VDD voltage level for a second period;
16 means for driving the first bit line with a variable
17 voltage level for a third period; and
18 . means for driving the second bit line with a variable
19 voltage level for a fourth period, |
20 wherein the voltage level signals on first and second bit lines are
21 driven past the V1 voltage level during the first and second period, and to
22 the V1 voltage level during the third and fourth period.
1 31. The control circuit of claim 30 further comprising an enable
2 circuit for generating a first enable signal for initiating the first and second
3 periods and a second enable signal for concluding the first and second
4 periods and initiating the third and fourth periods.

32. The control circuit of claim 31 wherein a length of each of the
first and third periods is responsive to the location of the first sense
amplifier relative to the enable circuit, and a length of each of the second
and fourth periods is responsive to the location of the second sense amplifier

N > 0 DN

relative to the enable circuit.
33.  The control circuit of claim 32 wherein the lengths of the first

and second periods are different.

-24 -
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- 10 - behaves dlfferently fromthe portion of the bit lines
cated in the subarray ThlsSheAHaFBcen&Tcad considering the two bit
bi t

| o

| ines BL and BLB, the portlo lines | ocated in the sense
anplifier area SAis represe timng diagramof BL[err]
and BLB[err]. The portion of t nes BL and 5 BLB | odRATENT t he

subarray A is represented by the t| m ng di agram Docket Nof 581482 (GP34)
BLB[err]. The bit line portions BL[err] and BLB[err] are the |east
affected by the capacitive |oad of the bits and the signals thereon, and

34. The control circuit of claim 33 wherein the first signal initiates
the first and second periods at approximately the same time, and the second
signal concludes the first period before the second signal concludes the

second period.

B W DN

[a—y

35. The control circuit of claim 34 wherein a length of time
between the conclusion of the first period and the second period is
determined by the location of the first and second bit line.

@

36. The control circuit of claim 81 wherein the V1 voltage level is
lower than a desired level for a first portion of the third and fourth periods,
and equal to the desired level for the remaining portion of the third and
fourth periods. '

B W N

87. A semiconductor memory according to claim 5, further
comprising fifth and sixth switch transistors wherein each of said pair of bit
lines is divided into a first portioxi coupled to said respective dynamic
memory cell and a second portion coupled to said pair of PMOS transistors
of said sense amplifier, said fifth switch transistor is serially connected
between said first and second portion of said first bit line, said sixth switch
transistor is serially connected between said first and second portion of said
second bit line, and, in said first and third periods, said high side voltage of
said first portions of said pair of bit lines is raised over said first voltage in
response to said third and fourth switch transistors being enabled.

W 0 1 & O W N =

=t
(o]
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separate very quickly. However, the bit line portions BL[err] and BLB[err]
are the nost af f ech,gdp ¥k REnG3RacHt 1 Ve | 0ad of the bits and the
r.
and BL[err] bit

signal s thereon, 10 and The overdrive
[ 5
err] and BLB[err] reacPARENISS
: ~ghal

period 60 is maintai ned unt

reach the VARY vol tage | eve

voltage level. At that point, the SAC circuit deabPoékeftNs.

by di sabling the PMOS transistor 52 and activates the SAP2 signal

by enabling 15 the PMOS transistor 50. As a result, a normalization

period 62 begins. During the normalization period 62, the PMOS

trangi stor 50 a@glvatgegefi@nductor men®rg ddeordingtal 1Sl 3Ty viledreackhity it to

the V1 power line. The normal i zati on period 62 brings the signals

on biZ | i nébirdopethed is tongerdhanaraid first periodol t age | evel . Thereafter,

during an equalization period 65, the signals on 20 bit lines wll

accurately go to a precharge |level 63, which is exactly half-way

bet wgen VARY anggySS A isBrfi @iiidser henidi ﬂe&ﬂiﬁg%adlaimiae@\m@emm said

BLEQ signal wl| equalize the |atching signals SDN and SDP, causing them
ang fourth switch transistors are enabled from a same timing.

2 second

1 40. A semiconductor memory according to claim 39, wherein, in

2 said first and third periods, said high side voltage of said first portions of

3 said pair of bit lines is lowered to be at most equal with said first voltage.
- 96 -
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to go to the precharge | evel 63 during the equalization period 65.
Referring also to Fig. 2, the nornalization period 62 is enhanced by 25
the operation of the voltage generator circuit 20. Because the SDP | atching

signal line was previous connected to VDD, it pulls the V1 voltage up
PATENT

Docket No. 5774.32 (GT3-4)

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE
HAVING A CONTROLLED OVERDRIVING CIRCUIT

Abstract of the Disclosure

The present invention is a method and apparatus for overdriving
5 signals received by a sense amplifier circuit. To this end, an overdrive

circuit drives the signal to be sensed for a period of time to a voltage level
greater than a normal level. The length of the period of time corresponds to
the location of the sense amplifier circuit relative to a sense enabling
circuit. Upon completion of the overdriving, a normalization circuit drives

10 the signal to be sensed for a second period of time to the normal level,
thereby preparing it for the next memory cycle so that the signals can be

once again set to a desired precharge level.

D-264684.3
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towards the VDD voltage level. As a result, the V1 voltage rises above the
VARY vol tage generated by the VARY generator 22. Due to the voltage
difference on the input of the op anp OA[err], the op anp turns on the
transi stor 24, thereby shorting V1 towards VSS. This discharges the 5
capacitive load of V1 until V1 once again equals VARY. Wen this occurs,
the op anp OA[err] turns the transistor 24 off again, and the V1 voltage

| evel stabilizes to the VARY vol tage | evel. The
effect of V1 being pulled towards VSS is nore apparent on the bit

line portions located in the sense anp areas than the bit line portions 10
| ocated in the subarrays. For exaanFT stfhe BLSA signal, whose voltage |eve
was previously at or near VDD, is pu qdown quickly back to VARY.
However, the BL[err] signal, whose voltage | evel was previously near VARY,

10
N
AlALAIA
A{AlA
18-l [A[A 14
16 A
e 1
i /
AL 0g
VARN 3
12a  12b 12d
FIG. 1
VoD
T 20
22 VARY Gen /
Vary
3R]
Vi0—
'L—_] Yop
24 o
FIG. 2
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- 377432
effectively remains at that |evel due 2 @ftBe high capacitive |oad of the
bits connected to the bit line. 15 Al though Fig. 7 is
the timng diagramfor a representative subarray . A in the
preferred enbodi nent, the timng diagramof each subarray is a
function of its location. For exb&ple, the bit Iine wave form of subarray
Alerr], representing the row of sub‘u'rays cl osest to the center of the

device 10 (Fig. 1), will be ent from nt |ine W&ﬁve—f—m
of subarray err], 20 rﬁANﬁseWP QW ar fays-far he?ﬂrfrom
the center o rce. P FHs—1s 'ecauseL oad—T¢di st ancgtamd—--
capaci tance of the VDO % V@ bfower oyl nepli ncre;sed‘v&om fhe center
of the device to the edge & AR, deyi ce. As g o reqdl o 4thgfoverr]
circuit supplies nprgqvVDD anp—vSS—power—tidn OV] eftis whith—causes
the signals on the pit I nes of subarray A | Frr] fo sepgrate rlasfer 25
than the signals ofjtihe bit |lines off subagqray Allefr].
WPh-14 Ay B2 A3n
. : - - g — o
MS,— 1 ll :2?_1 SAl.n 1 552.:1 1 3.n 1__
n+1
- V1 - -
T S4Cq ez, 9-_1,n 1 QW3n-1
+ _ -
Ph-2 3 A1,n-—1 AZ,n—1 -‘53,n—1
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- 12 - Referring to Fig. 8, in a first inplenentation,

an overdrive period 64 Is optimzed for the subarray Aferr]. In
this inplenentation, the period 64 is made just | ong enough so
that the level of the bit line BL[err] signal of subarray Alerr]

reaches the VARY |level at point Pl. However, in this
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5 I npl ementation, the level of the bit line BL[err] of subarray Alerr]

does not reach the VARY |evel until the point P2. As a result,

al t hough this i .mpl ementati on works well for the subarray A [err]

it does not provide the full benefit of overdriving to the
subarray A [err]. . Referring to Fig. 9, in a second

I npl enment ati on, an overdrive period 10 66 is optim zed for the subarray
Aferr]. In this inplenmentation, the delay is made just |ong
enough so that the signal on the bit Iine BL[err] of subarray A

[err] reaches the VARY level at point P3. Furthernore, in this

I npl enmentation, the level of the si 2] <on bit line BL[err] of the subarray
Alerr] al so reaches the VA tg?el qui ckly, as shown at point P4.
However, the 15 overshoot of the' 8l gnal on bit line BL[err] of the
subarray A [err] is extrenely hi gh, as shown at point P5, and
furthernore, the overshoot of the signal on 42 |t line BL[err] of
the subarray A [err] is higher than the V1 | eveb. ‘a resul t, t he
ability of the SAPZLEIQ] S|gn@L_LQ“puLi dgwnnl e_hit "l'ine BL[err] and

BL[ err] of subarr Alerg mo rifal i zati on period
(Fig. 7) becones d|f1iqult ! . |
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20 ‘ Some relief can be acconplished by connecting a capacitance Cto the

V1 ' line (Fig. 3), thereby stabilizing the V1 voltage | evel during
t he normal i zati.on peri od. Referring to Fig. 10, and
in particular, the solid-lined waveforns, in a preferred

| npl-ementation, the benefits of the prior two inplenentation are 25
realized by a nunber of design considerations. First, referring also to

Fi gs. 3-4, the size of the SAEl driver is nade |arger than the
size of the SAE2
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- 13 - driver. Second, referring to Figs. 3 and 11, a width L1

of 'the SAEl si gnal line is made larger than a width L2 of the SAE2
signal line. In this : manner, the resistance of the SAE2 signal |ine
i s made greater than that of the SAE1l signal line. As a result, the
R-C tinme constant (t[err]) for the SAE2 5 signal line is large, as
conpared to the SAElLl signal |ine. Accordingly, at t he subarray

Alerr], the SAEl signal transitions quickly, and the SAE2 si gnal

transitions quickly. As a result, an overdrive period 68 for the subarray A
[err] is relatively short, simlar to the overdrive period 64 of Fig. 8.
However, because the SAE2 dg%ﬁﬁﬁ Is small er than the SAE1l driver
and the RC 60(1

. .—vss
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10 constant of the SAE2 signal line is greater than that of the SAEl

si gnal line, the SAE2 signal at the subarray Alerr] wll
transition slower than the SAEl signal. As a result, an overdrive
period 70 for the subarray Alerr] is relatively long, simlar to

t he overdrive period 66 of Fig. 9. A third design
consideration, referring also to Figs. 3 and 12, nay be 15 utilized to
adj ust the period of overdrive. For exanple, at line portions LP[err],

LP [err] ... LP [err] O the SAE2 signal, delay circuits DL[err], DL[err],.
. DL[err] are pl aced between each SAC circuit. As a result, the
SAE2 signal transitions sl ower _at the subarray A [err] than at the
subarray A [err] and the overdrive 3774.32 period 70 for the subarray A
[err] is relatively |long, conpared w ©h The 20 overdrive period 68 for
the subarray A [err]. Although not shown, in addition to or
instead of the delay circuits, nonitor circuits nmay be inplenented for
nonitoring bit line voltages and adjusting the overdrive period,
accordingly. Furthermpre, the delay circuits may be used in

conbi nation with the gy /reviously mentioned design consi derati ons.
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25 Referring again to Fig. 10, the inprovenents of the

different Iength overdrive periods 68 and 70, are illustrated by
the solid-line vvaveforms and
- 14 -
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3114.92
t he dotted line wavef orns. The dotted-19d nd¢s§72 and 74 represent the
correspondi ng waveforns for BL[err](Alerr]) and BL[err](Alerr]) of Fig. 9.

The solid-1line wavefornms 73 and 75, which are the actual waveforns
for the preferred i nplenentation, are simlar to the correspondi ng
waveforns for BL[errL& rr]) 5 and BL[err](A[err]) of Fig. 8. This is
because the overdriv 'Lf 68 '3‘-1"' approxi mately equal to the
overdrive period 64 of Fi mai ntaining all the
benefits of having an ovg d optim zed for the subarr ay

J
Alerr]. In addition, theotted i
correspondi ng '
The solid 10 'i'sfh

resent the

and BL[ferr] (Alerr]) of Fig. 8.

g&ar t he actual waveforns
inrij ar to the correspondi ng

for the preferred
waveforns for BL[err] (Al ¢ r]) [err](JAerr]) of Fig. 9. This
is because the overdrivejgeriod 701 apprjoxi mately equal to the
overdrive period 66 of Fijd. 9, thdrepy mal ntai ning all the
benefits of having an overdrive pdribd optim ze& for El?,e 15 fubarray
Alerr]. o 1q. 1
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Al 't hough illustrative enbodi nents of the present invention have been

‘shown and descri bed,
i ntended in the foregoi ng disclosure,

f eat ures

use of other 20
created for

a voltage that exceeds

features.
control |l ed overdr vt ng

For exanphe, a

ﬁ Chaiméd)i ve pegdialf, e mb: wﬁ b
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of the invention.
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DATE Q F DEPOSI:T

being d_eposxte_c; with: the. Um!ad States Postaf Service: Expresa Mall
CER:§1; 10.0m: the dats: mdmated above and.Is.addressed to; the: -

CONDUCTOR INTEGRATED CIRCUIT DEVICE

SEMICONDUCTOR INIMGRALLD Ll Lol aty sy

HAVING A CONTROLLED OVERDRIVING CIRCUIT

Cross Reference
This application claims the benefit of U.S. Provisional Application No.
60/009,984, filed Jan. 26, 1996.

Bac und of the Invention

The invention relates generally to semiconductor circuit design and,
more particularly, to a method and apparatus for controlled overdriving on
a sense amplifying circuit.

Digital logic requires input and output data signals to meet defined
voltage levels to be interpreted as either “high” or “low.” However, typical
integrated circuits, or “chips,” utilizing digital logic also include data signals
at many voltage levels. As a result, sense amplifying circuits are utilized to
interpret, or “separate” the data signals, driving them to a target high or

low voltage level, thereby producing the correct voltage level for other

digital circuits on the chip. For example, a capacitor-type memory cell for a

et
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- 15‘- © Clains What

“claimed is: 1 1. A sem conductor nenory conprising: 2

a pair of bit lines; 3 a plurality of word lines; 4

a plurality of dynamc menory cells each of which is coupled to one of
-2 -

dynamic random access memory (“DRAM”) device utilizes very small bit
signals. Sense amplifier circuits residing on the DRAM device separate the
bit signals by comparing them to a precharge level, which is defined as a
level between the high and low levels of the memory cell. If the level of the
5 bit signal is above the precharge level, then the sense amplifier circuit
interprets the signal as a high, or logic 1, signal and drives the bit signal to
the target high voltage. If the level of the bit signal is below the precharge
level, thex;. the sense amplifier circuit interprets the signal as a low, or
logic 0, signal and drives the bit signal to the target low voltage.
10 As technology progresses, the speed and accuracy of sense amplifier
+  circuits become more critical. For this reason, chip designers have tried
various methods to speed up the signal separation. For example, U.S.
Patent 5,257,232 to Dhong et al. teaches a method of overdriving a sense
amplifier circuit to speed up the signal separation. Although this method
15 succeeds in separating the signals quickly, it has drawbacks. One such
drawback is that the overdriving is inaccurate because when the sensing is
complete, the bit signals do not end up at the target high and low voltage
levels. Therefore, during an equalization period, the bit signals do not
return to the desired precharge level. Instead, the bit signals return to a
20 level that is offset, due to the overshot voltage during the sensing. As a
result, the precharge level becomes altered, and the sense amplifier circuits
do not interpret the next bit signal correctly.
Therefore, what is needed is a method and apparatus for overdriving
signals to achieve fast signal separation, while maintaining the accuracy of

25 sense amplifier operation.
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5 * said pair of bit lines and one of said plurality of word lines; 6

a sense anplifier including a pair of PMOS transistors and a pair of 7
NMOS transi stors, each of said pairs of PMOS and NMOS transistors 8
havi ng sources coupled in common, drains coupled to said pair of bit |ines,

9 respectively, and gates cross-cougled to said drains, respectively;
10 a first power supply termnal; 11 a second power
supply termnal; 12 a first switch transistor coupl ed between
said first power supply 13 term nal and said sources of said pair of
PMOS transistors; 14 a second switch transi stor coupled between
sai d second power supply 15 termnal and said sources of said pair of

PMOS transistors; and 16 Summary 6f‘thbt%ﬂ per ator for providing said
first power supply termnal 17 Wt I rst votaethat |slovver t han
a second vol t agthe ppprenédnyensendaccogdingly,sisamimp muéqd( gy minal, 19
wherein sal g, sSSP A WerbhSind sPHAS Pedbéh B 4 s&isebéﬁaphlm‘é i‘&u&@ Fo

this end, an overdrive circuit drives the signal to be sensed for a period of

5 time to a voltage level greater than a normal level. The period of time
during which the signal is overdriven corresponds to the location of the
sense amplifier circuit relative to a sense enabling circuit. Upon completion
of the overdriving, a normalization circuit drives the signal to be sensed for
a second period of time to the normal level, thereby preparing it for the next

10 memory. cycle so that the signals can be once again set to a desired
' precharge level.

A technical advantage achieved with the present invention is that it
enables sense amplifiers to separate the bit lines quickly, while maintaining
accuracy.

15 Another technical advantage achieved with the present invention is
that the length of time a signal is overdriven is directly related to the
location of the sense amplifier relative to the sense enabling circuit.

Brief Description of the Drawings
20 Fig. 1 is a block diagram of a 256 Mbit DRAM embodying features of

the present invention.
Fig. 2 is a schematic block diagram of a voltage generator.
Fig. 3 is a block diagram of an array block of the 256 Mbit DRAM of
Fig. 1.
25 Fig. 4 is a schematic diagram of the sense amplifier delay unit of Fig.

Tms s e replacement sheot
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\ZQ - pair of conplenentary signals having a high side voltage and a | ow
‘side 21 vol tage on the basis of information of a nenory cell selected
fromsaid 22 plurality of dynamic nmenory cells, 23

wherein, in a first period, said high side voltage is raised over said 24
flést voltage in response to said second switch transistor being enabl ed,
an av——

Fig. 5 is a schematic block diagram of ene sense amplifier control unit
of Fig. 3.
Fig. 6 is a schematic diagram of one subarray of Fig. 3.
Fig. 7 is a timing diagram of the circuits of Figs. 4-6.
5 Fig. 8 is a timing diagram of a first implementation of an overdrive
circuit of the present invention.
Fig. 9 is a timing diagram of a second implementation of an overdrive
circuit of the present invention.
Fig. 10 is a timing diagram of a preferred implementation of an
10 overdrive circuit of the present invention.
Fig. 11 is a schematic diagram of the preferred implementation of the
overdrive circuit of the present invention.
Fig. 12 is another schematic diagram of the preferred implementation
of the overdrive circuit of the present invention.
15
Detailed Description of the Preferred Embodiment

In Fig. 1, the reference numeral 10 refers to a memory device
embodying features of the present invention. While in a preferred
embodiment of the invention, the device 10 is a 256 Mbit dynamic random

20 access memory (“DRAM?”), it should be understood that the present
iﬁvention is not limited to use with a DRAM, but may be used in
conjunction with any integrated circuit device that requires accurate, high
speed, signal amplification.

The device 10 inclﬁdes a number of control signal pads and power

25 pads. The control signal pads include address pads 12a - 12b, each of which
is connected to an external controller (not shown). The power pads include

' A
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25 wherein, in a second period following said first period, said
hi gh si de 26 voltage is lowered in response to said first switch

transi stor being enabl ed 27 so that said high side voltage is set to
said first voltage. 1. 2. A sem conduct or menory according to
claim1l1, wherein said 2 vol t age gener at or has a di scharge circuit for

| onering said high side voltage. 1 3. A sem conductor nenory
according to claim?2, further 2 conpri si ng:

a positive power supply (VDD) pad 12¢ and a negative or ground power
supply (VsS) pad 12d, each connected to an external power supply (not
shown). The device 10 also includes a set of array blocks of memory cells,
such as an array block 14, and a group of main address decoders, such as a

5 column decoder 16 and a row decoder 18. The array blocks are selected by
signals from the address pads 12a, 12b, through the main address decoders
16, 18. Array block 14, which is representative of the remaining array
blocks, is further divided into many subarrays, each generally referenced by
the letter A and discussed in greater detail below in relation to Fig. 3.

10 l'x;eferring to Fig. 2, in addition to the VDD and VSS power supplies,

" the device 10 includes a voltage circuit 20 for producing an internal voltage
V1. The voltage circuit 20 includes an array power supply (VARY) generator
22, a resistor R1, a transistor 24, and an operational amplifier (op amp)
OP1. The VARY generator 22 is a conventional voltage generator for

15 producing a stable and consistent voltage VARY such that VSS < VARY <
VDD.

In normal operation, no current is flowing through the resistor R1,
and therefore the voltage V1 is equal to VARY. As a result, the op amp
OP1 has an output VOP equal to VSS, and the transistor 24 remains off.

20 However, during overdrive operations, external power sources, to be
discussed later, pull V1 above VARY. When this happens, the op amp
output VOP is greater than VSS, and the transistor 24 turns on, thereby
pulling V1 to ground. As V1 is being pulled towards VSS by the transistor
24, it reaches a point where V1 is equal to VARY. At this time, the op amp

25 output VOP is once again equal to VSS, and the transistor 24 turns off.
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3 o a third power supply termnal for receiving a third voltage;
and 4 a third switch transistor coupled between said third power
supply 5 term nal and said sources of said pair of NMOS transistors, 6
wherein, in said first .and second periods, said | ow side voltage is set 7
to said third voltage in response to said_third switch transistor being 8
enabl ed. 1 4. A sem conedet Or nmenory conprising: 2 -

first and second power supply termnals; 3 first and second
power supply lines, each of which has a first end 4 coupled to the
correspondi ng one of said first and second power supply 5 term nals and
extends in the sane direction as each other; 6 first and second

ey Bl ocks, Rl bobiir T asuad el o, o e i AL
be described, along with only a few subarrays and circuits associated with
the array block. However, it should be understoed that the discussion of
the array block 14, individual subarrays of array block 14, individual bits of
5 the subarrays, and circuits surrounding the subarrays, are limited in
quantity only fof ease in description. Therefore, the remaining description
is a simplified version of the preferred embodiment and is intended to
illustrate, and not to limit, the invention.
Referring to Fig. 3, the array block 14 comprises m*n subarrays A,
10 such tha;t 1<x<mand 1<y<n. The subarrays are accordingly
" referenced in column, row form and include subarrays A ,,- A . The row
of subarrays A, comprises the subarrays closest to the center of the device
10 (Fig. 1), and the row of subarrays A, comprises the subarrays farthest
from the center of the device. Associated with each subarray A, is a sense
15 amplifier area SA,, and an overdrive control circuit OV, For example, the
sense amplifier area SA |, and the overdrive control circuit OV, are
associated with the subarray A, ;. Furthermore, associated with each row
of subarrays A, is a sense amp control circuit SAC ,, a select signal MS ,,
and sense signals SAN ,, SAP1 ,,, and SAP2,. For example, the sense amp
20 control circuit SAC ;, MS, select signal SAN,, and the SAP1,, and SAP2,
sense signals are associated with the subarrays A ;;, A, ... A
The select signal MS, - MS, electrically connect circuits (not shown)
in the row decoder 18 (Fig. 1) with sense amp control circuit SAC, - SAC,
circuit respectively. Likewise, the sense signals SAN/SAP1/SAP2, -
25 SAN,/SAP1 /SAP2, electrically connect the sense amp control circuits SAC, -
SAC,, with the entire row of overdrive control circuits OV, - OV,

This 15 the replacement sheet
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.8 “cells and a plurality of sense anplifiers coupled to said plurality
of pairs of 9 bit lines, respectively, wherein each of said plurality
of sense anplifiers 10 i ncludes a pair of PMOS transistors and a pair
of NMOS transistors, and -
17 - -7 -

r—d

respectively. The overdrive control circuits OV, are also connected to a
VSS power line 30, 2 VDD power line 32 and a V1 power line 34. The sense
amp control circuits SAC, - SAC, are also connected to two sense amp
enable lines SAE1 and SAE2. The VSS and VDD power lines 30, 32 are
5 driven by the VSS and VDD pads 12d, 12¢ (Fig. 1), the V1 power line 34 is
driven by the voltage generator circuit 20 (Fig. 2) and the two sense amp
enable Iinfas SAE1 and SAE2 are driven by a sense amp delay (SAD)
circuit 35.
Referring to Fig. 4, the SAD circuit 35 receives a conventional sense
10 amp enable signal, SAEB, and drives the two sense amp enable lines SAE1
" and SAE2. The SAE]1 signal follows the SAEB signal with only a minimal
delay. However, the SAE2 signal follows the SAEB signal after a
significant delay caused by a series of delay units 36, each of which
comprises a plurality of capacitive loads and inverters to delay the
15 propagation of the SAEB signal.

Each of the remaining circuits, signal lines, sense amp areas and
subarrays identified in Fig. 3 are identical. Therefore, Figs. 5-6, discussed
below, will only describe a representative sense amp control cireuit, signal
lines, sense amp area and subarray. Once again, it should be understood

20 that the discussion of the representative sense amp control circuit, signal
lines, sense amp area and subarray, are limited only for ease in description.
Therefore, the following description is a further simplified version of the
preferred embodiment and is intended to illustrate, and not to limit, the
invention.

25 Referring to Fig. 5, the SAC circuit receives the two sense amp enable
lines SAE1 and SAE2, and the signal MS and drives the three sense signals
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11 " wherein each of said pairs of PMOS and NMOS transi stors has sources
12 coupled in common, drains coupled to the corresponding pair of bit
lines, 13 respectively, and gates cross-coupled to said drains,
respectively; 14 a first switch transistor coupled between a
first portion of said first 15 supply line and said sources of
pairs of said PMOS transistors in sald.fk first nmenory bl ock; 17

a second switch transistor coupl ed between a second portion of said 18
second power supply line and said sources of said pairs of PMOS transistors
19 in said first nenory bl ock; 20 athird swtch transistor
coupl ed between a third portion of said first 21 power supply |line and

b ock 2o SAN, sABY'aRY SARE: Thapelert Benab S 51 Daok fremmamRaTit o fourtn
portion of 483kfon, and for this scaled-down representation of the preferred '
embodiment, it will remain active (high). The SAN sense signal is active
high, and the SAP1 and SAP2 sense signals are active low. The SAN signal
5 is activated shortly after the SAE1 signal is activated. Likewise, the SAP1
signal is activated shortly after the SAE1 signal is activated. However,
when the SAE2 signal is activated, the SAP1 sense signal is deactivated
and the SAP2 sense signal is activated. Therefore, the SAP1 sense signal is
active only for the amount of time the SAE2 signal is delayed from the
10 SAE1 signal
| Referring to Fig. 6, the subarray A contains a plurality of memory
cells, or “bits,” represented by bits B1-B9. The bits B1-B9 are identical,
some being schematically illustrated for the sake of example. The bits are
aligned in rows, wherein each row is activated by a word line. For example,
15 the top row, containing the bits B1-B3, is activated by the word line WL,
and the bottom row, containing the bits B7-B9, is activated by the word line
WL,.
Each of the bits is also connected to a bit line. According to the
configuration of Fig. 6, the bit lines run vertically through the subarray A,
20 through transfer gates 40, 44, and into individual sense amplifier circuits
located in the sense amplifier area SA. For example, a bit line BL is
connected to the bits B4 and B7, passes through the transfer gate 40 and
into a sense amplifier circuit 42. Likewise, a bit line BLB is connected to
the bit B1, passes through the transfer gate 44 and into the sense amplifier
25 circuit 42. The sense amplifier circuit 42 contains a conventional latching
section 46 and an equalization section 48. The latching sections of all the

This is the replacement sheet



.24 second powef supply line and said sources of said pairs of PMOS 25
transistors in said second nenory bl ock; and 26 a vol tage
generator for providing said first power supply termnal 27 with a
first voltage which is | ower than.a second voltage supplied to said 28
second power supply terminal, 29 - 9 - Wwherein said first portion of
said first power supply line is |ocatea-30 between said third portion
of said first power supply line and said first 31 power supply
termnal, 32 wherein said second portion of said second power
supply line is 33 | ocat ed between said fourth portion of sai d power
supply line and said 34 second power supply term nal,

el E AR ey A 2SR o
latching signals SDN and SDP. Likewise, all of the normahzatmn sections
are controlled by a signal BLEQ and all the transfer gates are controlled by
a signal SHR.

5 The SDN and SDP latching signals are driven by common source
switch transistors, including two p-type metal oxide semiconductor
(“PMOS”) transistors 50 and 52, and one n-type metal oxide semiconductor
(“NMOS”) transistor 54, located in the overdrive control circuit OV. The
PMOS tiransistor 50 is connected between the V1 power line 34 and the SDP

10 latching signal line, and its operation is controlled by the SAP2 signal line.

" The PMOS transistor 52 is connected between the VDD power line 32 and
the SDP latching signal line, and its operation is controlled by the SAP1
signal line. The NMOS transistor 54 is connected between the VSS power
line 30 and the SDN latching signal line, and its operation is controlled by

15 the SAN signal line. |
Referring to Figs. 5-7, a sensing operation is initiated by the
activation of the SAEB signal. Immediately following activation of the
SAEB signal, the SAD circuit 35 activates the SAE1 signal. As a result, the
SAC circuit activates both the SAN and SAP1 signals, thus beginning an
20 overdrive period 60. The PMOS transistor 52 and the NMOS transistor 54
are enabled, activating the two latching signals SDP and SDN by
connecting them to the VDD and Vss, respectively.
In response to the activation of the latching signals SDP and SDN,
the data signals on bit lines begin to separate. However, due to the length
25 of the bit lines and the capacitive load resulting from all the bits connected
thereto, the portion of the bit lines located in the sense amplifier area SA
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- 18 - 37 conpl ementary signals having a high side voltage and a

lI'ow si de voltage on 38 the basis of information stored in a nenory cel
selected fromsaid plurality 39 of dynam c nmenory cells in said first
menory bl ock, 40 : wherein, in a first period, said high side
vol tage of said pair of first - 10 -

D

behaves differently from the portion of the bit lines located in the subarray
A. For example, considering the two bit lines BL and BLB, the portion of
the bit lines located in the sense amplifier area SA is represented by the
timing diagram of BLg, and BLBg,. The portion of the bit lines BL and
5 BLB located in the subarray A is represented by the timing diagram

of BLy;, and BLB ;. The bit line portions BLg, and BLBg, are the least
affected by the capacitive load of the bits and the signals thereon, and
separate very quickly. However, the bit line portions BLy;, and BLBy,, are
the most affected by the capacitive load of the bits and the signals thereon,

10 and sep;.rate slower.

' The overdrive period 60 is maintained until the BLy,, and BLg, bit
lines reach the VARY voltage level and the BLBy,; and BLBg, reach the Vss
voltage level. At that point, the SAC circuit deactivates the SAP1 signal by
disabling the PMOS transistor 52 and activates the SAP2 signal by enabling

15 the PMOS transistor 50. As a result, a normalization period 62 begins.
During the normalization period 62, the PMOS transistor 50 activates the
latching signal SDP by connecting it to the V1 power iine. The
normalization period 62 brings the signals on bit lines to their desired VARY

_ voltage level. Thereafter, during an equalization period 65, the signals on

20 bit lines will accurately go to a precharge level 68, which is exactly half-way
between VARY and VSS, in response to the BLEQ signal. Likewise, the
BLEQ signal will equalize the latching signals SDN and SDP, causing them
to go to the precharge level 63 during the equalization period 65.

Referring also to Fig. 2, the normalization period 62 is enhanced by

25 the operation of the voltage generator circuit 20. Because the SDP latching
signal line was previous connected to VDD, it pulls the V1 voltage up
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41 ° conplenentary signals is raised over said first voltage in response
to said 42 second switch transistor being enabl ed, and 43

Wwherein, in a second period following said first period, said high side 44
voltage of said pair of first conplenmentary signals is lowered in response
to 45 said first swtch transistar jhei.ng enabled so that said high side
voltage is 46 set to said first voktege. 1 5. A

sem conductor nenory according to claim4, wherein each of 2 sai d sense
anplifiers in said second nenory bl ock provides the 3 correspondi ng
pair of bit lines with a pair of second conplenentary signals 4 havi ng
a high side voltage and a | ow side voltage on the basis of information 5

oLor <8 nySEIDhl Sl cAPLSEIGR | 1 S8l P Yt UPIRFTBIRLY, .
sai d hi ghygirdevylehgagenéfaté@by thdl VARY generator 22. Due to the voltage
difference on the input of the op amp OA, the op amp turns on the
transistor 24, thereby shorting V1 towards VSS. This discharges the
5 capacitive load of V1 until V1 once again equals VARY. When this occurs,
the op amp OA, turns the transistor 24 off again, and the V1 voltage level
stabilizes to the VARY voltage level.
The effect of V1 being pulled towards VSS is more apparent on the bit
line portions located in the sense amp areas than the bit line portions

10 located in the subarrays. For example, the BLg, signal, whose voltage level

: was previously at or near VDD, is pulled down quickly back to VARY.
However, the BLy,, signal, whose voltage level was previously near VARY,
effectively remains at that level due to the high capacitive load of the bits
connected to the bit line.

15 Although Fig. 7 is the timing diagram for a representative subarray
A, in the preferred embodiment, the timing diagram of each subarray is a
function of its location. For example, the bit line wave form of subarray
A, representing the row of subarrays closest to the center of the device 10
(Fig. 1), will be different from the bit line wave form of subarray A |,

20 representing the row of subarrays farthest from the center of the device.
This is because load resistance and capacitance of the VDD and VSS power
lines increase from the center of the device to the edge of the device. Asa
result, the OV ,, circuit supplies more VDD and VSS power than OV,
which causes the signals on the bit lines of subarray A ,, to separate faster

25 than the signals on the bit lines of subarray A ,,.
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.8 " second conplenentary signals is raised in response to said fourth

switch 9 transi stor being enabl ed, and 10 wherein, in a
fourth period following said third period, said high side 11 vol t age of
said pair of second conplenentary signals is raised continuously 12 in

response to said third switch transistofp bheing enabled so that said high 13
side voltage is set to said first voltageg.
-19-

Referring to Fig. 8, in a first implementation, an overdrive period 64
is optimized for the subarray A ;. In this implementation, the period 64 is
made just long enough so that the level of the bit line BLy,, signal of
subarray A ;, reaches the VARY level at point P1. However, in this

5 implementation, the level of the bit line BLy,, of subarray A ,,, does not
reach the VARY level until the point P2. As a result, although this
implementation works well for the subarray A , ;, it does not provide the full
benefit of overdriving to the subarray A .

Referring to Fig. 9, in a second implementation, an overdrive period

10 66 is optimized for the subarray A,,. In this implementation, the delay is

‘ made just long enough so that the signal on the bit line BLy,, of subarray

A, reaches the VARY level at point P3. Furthermore, in this
implementation, the level of the signal on bit line BLy,, of the subarray A,
also reaches the VARY level quickly, as shown at point P4. However, the

15 overshoot of the signal on bit line BLg, of the subarray A | is extremely
high, as shown at point P5, and furthermore, the overshoot of the signal on
bit line BLy,, of the subarray A |, is higher than the V1 level. As a result,
the ability of the SAP2, signal to pull down the bit line BLg, and BLy,, of
the subarray A, | during the normalization period (Fig. 7) becomes difficult.

20 Some relief can be accomplished by connecting a capacitance C to the V1
line (Fig. 3), thereby stabilizing the V1 voltage level during the
normalization period.

Referring to Fig. 10, and in particular, the solid-lined waveforms, in a
preferred implementation, the benefits of the prior two implementation are

25 realized by a number of design considerations. First, referring also to Figs.
3-4, the size of the SAE1 driver is made larger than the size of the SAE2
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1 6. A nmethod for driving a data signal to a desired |evel

conpri sing 2 overdriving the data signal with an overdrive voltage for
a first period and 3 driving the data signal with a second voltage for
a second period, wherein 4 the second voltage pulls the data signal to
the desired |evel. 1 7. _ {he_nmethod of claim6 wherein the
overdrive voltage exceeds 2 t he des++ed | evel

driver. Second, referring to Figs. 3 and 11, a width L1 of the SAE1 signal
line is made larger than a width L2 of the SAE2 signal line. In this
manner, the resistance of the SAE2 signal line is made greater than that of
the SAE1 signal line. As a result, the R-C time constant (t*°) for the SAE2
5 signal line is large, as compared to the SAE1 signal line. Accordingly, at
the subarray A, ,, the SAE1 signal transitions quickly, and the SAE2 signal
transitions quickly. As a result, an overdrive period 68 for the subarray A
1 is relatively short, similar to the overdrive period 64 of Fig. 8. However,
_ because_the SAE2 driver is smaller than the SAE1 driver, and the RC
10 constant of the SAE2 signal line is greater than that of the SAE1 signal
| line, the SAE2 signal at the subarray A |, will transition slower than the
SAE1 signal. As a result, an overdrive period 70 for the subarray A |, is
relatively long, similar to the overdrive period 66 of Fig. 9.
A third design consideration, referring also to Figs. 3 and 12, may be
15 utilized to adjust the period of overdrive. For example, at line portions LP ,,
LP,, ...LP_, of the SAE2 signal, delay circuits DL,, DL,,. . . DL, are
placed between each SAC circuit. As a result, the SAE2 signal transitions
slower at the subarray A ;, than at the subarray A ,, and the overdrive
period 70 for the subarray A ,,, is relatively long, compared with the
20 overdrive period 68 for the subarray A ,;,. Although not shown, in addition
to or instead of the delay circuits, monitor circuits may be implemented for
monitoring bit line voltages and adjusting the overdrive period, accordingly.
Furthermore, the delay circuits may be used in combination with the
previously mentioned design considerations.
25 Referring again to Fig. 10, the improvements of the different length

overdrive periods 68 and 70, are illustrated by the solid-line waveforms and
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(A 8. The nethod of claim6 wherein the first period is

initiated by a 2 first enable signal and the second period is initiated
by a second enable 3 si gnal . 1 9. The nethod of claim8
wherein the data signal is used in an 2 anplifier circuit, the enable
signals are generated by an enable cirggit, and 3 a length of the first
period is responsive to the |ocation ofthe anplifier 4 circuit
relative to the enable circuit. 1 10. A nethod for driving
first and second signals to a desired | evel 2 conpri sing overdriving
the first signal with an overdrive voltage for a first 3 peri od;

overdriving the second signal with the overdrive voltage for a second 4

period: did ¥ fitied fint 'wavesSria  THE dettad Thes T 490 7 eproser: he ' ¢ Per! od
corresponding waveforms for BLg,(A,) and BLy(A,) of Fig. 9. The solid-line
waveforms 73 and 75, which are the actual waveforms for the preferred
implementation, are similar to the corresponding waveforms for BLg,(A | ;)

5 and BLy (A, ) of Fig. 8. This is because the overdrive period 68 is
approximately equal to the overdrive period 64 of Fig. 8, thereby
maintaining all the benefits of having an overdrive period optimized for the
subarray A,. In addition, the dotted lines 76 and 78 represent the
corresponding waveforms for BLgy(A | ) and BLy (A ;) of Fig. 8. The solid

10 line waveforms 77 and 79, which are the actual waveforms for the preferred
.' implementation, are similar to the corresponding waveforms for BLg,(A ;)
and BLg (A ) of Fig. 9. This is because the overdrive peried 70 is
approximately equal to the overdrive period 66 of Fig. 9, thereby
maintaining all the benefits of having an overdrive period optimized for the
15 subarray A, ,.

Although illustrative embodiments of the present invention have been
shown and described, a latitude of modification, change and substitution is
intended in the foregoing disclosure, and in certain instances, some features
of the invention will be employed without a corresponding use of other

20 features. For example, an alternative embodiment may be created for
controlled overdriving of the low-going bit line with a voltage that exceeds
VSS in the negative direction. Furthermore, additional buffers, drivers,
delay circuits and other circuits may be added to the illustrative
embodiment without altering the scope of the invention. Accordingly, it is

25 appropriate that the appended claims be construed broadly and in a manner

consistent with the scope of the invention.
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5 - driving the second signal with the second voltage for a fourth
‘period, 6 wherein the second voltage pulls the first and second signal
to the desired 7 | evel .
- 20 -
- -}.5' -
Claims
What is claimed is:
1 1. A semiconductor memory comprising:
2 a pair of bit lines;
3 a plurality of word kLnes;
4 a plurality of dynamic memory cells each of which is coupled to one of
5 said pair of bit lines and one of said plurality of word lines;
- 6 a sense amplifier including a pair of PMOS transistors and a pair of
7 NMOS transistors, each of said pairs of PMOS and NMOS transistors
8 having sources coupled in common, drains coupled to said pair of bit lines,
9 respectively, and gates cross-coupled to said drains, respectively;
10 a first power supply terminal;
11 a second power supply terminal;
12 a first switch transistor coupled between said first power supply
13 terminal and said sources of said pair of PMOS transistors;
14 a second switch transistor coupled between said second power supply
15 terminal and said sources of said pair of PMOS transistors; and
16 a voltage generator for providing said first power supply terminal
17 with a first voltage that is lower than a second voltage supplied to said
18 second power supply terminal,
19 wherein said sense amplifier provides said pair of bit lines with a
20 pair of complementary signals having a high side voltage and a low side
21 voltage on the basis of information of a memory cell selected from said
22 plurality of dynamic memory cells,
23 wherein, in a first period, said high side voltage is raised over said
24 first voltage in response to said second switch transistor being enabled, and
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1

pulls the

11. The nethod of claim 10 wherein the overdrive voltage
2 first signal past the desired |evel. 1 12.

The net hod of claim 10 wherein the first and second periods 2 are
initiated by a first enable signal and concluded by a second enable 3
signal, and wherein the third and fou_rt&p_eriods are initiated by the

second 4 enabl e signal . 1 et 13. The nethod of claim 12
wherein the first and second signals 2 are used in a first and second
circuit, the enable signals are generated by 3 an enable circuit, and
a length of the first and second periods are responsive 4 to the
| ocation of the first signal circuit relative to the enable signal circuit,
25 wherein, in a second period following said first period, said high side
26 voltage is lowered in response to said first switch transistor being enabled
27 so that said high side voltage is set to said first voltage.
2. A semiconductor memory according to claim 1, wherein said
2 voltage generator has a discharge circuit for lowering said high side voltage.
1 3. A semiconductor memory according to claim 2, further
2 comprising:
3 a third power supply terminal for receiving a third voltage; and
4 a third switch transistor coupled between said third power supply
5 terminal and said sources of said pair of NMOS transistors,
6 wherein, in said first and second periods, said low side voltage is set
7 to said third voltage in response to said third switch transistor being
8 enabled.
1 4. A semiconductor memory comprising:
2 first and second power supply terminals;
3 first and second power supply lines, each of which has a first end
4 coupled to the corresponding one of said first and second power supply
5 terminals and extends in the same direction as each other;
6 first and second memory blocks, each of which comprises a plurality
7 of pairs of bit lines, a plurality of word lines, a plurality of dynamic memory
8 cells and a plurality of sense amplifiers coupled to said plurality of pairs of
9 bit lines, respectively, wherein each of said plurality of sense amplifiers
10 includes a pair of PMOS transistors and a pair of NMOS transistors, and
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5 * and lengths of the third and fourth periods are responsive to the

'chation of 6 the second signal circuit relative to the enable signa
circuit. 1 14. The nmethod of claim 12 wherein the first and
second periods 2 are of different |engths. 1 15. The
nethod of claim 14 wherein the first sigpal initiates the 2 first and
second periods at approximately the same~tine, and the second 3 si gnal
concludes the first period before the second signal concludes the 4
second peri od. 1 16. The nethod of claim 15 wherein the

first and second signals

11 wherein each of said pairs of PMOS and NMOS transistors has sources

12 coupled in common, drains coupled to the corresponding pair of bit lines,

13 respectively, and gates cross-coupled to said drains, respectively;

14 a first switch transistor coupled between a first portion of said first
15 power supply line and said sources of pairs of said PMOS transistors in said
16 first memory block;

17 a second switch transistor coupled between a second portion of said
18 second power supply line and said sources of said pairs of PMOS transistors
19 in said first memory block;

20 a third switch transistor coupled between a third portion of said first
21 | power supply line and said sources of said pairs of PMOS transistors in said
22 second memory block;

23 a fourth switch transistor coupled between a fourth portion of said

24 second power supply line and said sources of said pairs of PMOS

25 transistors in said second memory block; and

26 a voltage generator for providing said first power supply terminal

27 with a first voltage which is lower than a second voltage supplied to said

28 second power supply terminal,

29 wherein said first portion of said first power supply line is located

30 between said third portion of said first power supply line and said first

31 power supply terminal,

32 wherein said second portion of said second power supply line is

33 located between said fourth portion of said power supply line and said

34 second power supply terminal,

35 wherein each of said sense amplifiers in said first memory block

36 provides the corresponding pair of bit line with a pair of first
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“are utilized in a first and second circuit, respectively, and the

37
38
39
40
41

& &R &8
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difference between the length of the first period and the | ength

- 21 -

complementary signals having a high side voltage and a low side voltage on
the basis of information stored in a memory cell selected from said plurality
of dynamic memory cells in said first memory block,

wherein, in a first period, said high side voltage of said pair of first
complementary signals is raised over said first voltage in response to said
second switch transistor being enabled, and

wherein, in a second period following said first period, said high side
voltage of said pair of first complementary signals is lowered in response to
said first switch transistor being enabled so that said high side voltage is
set to said first voltage.

5. A semiconductor memory according to claim 4, wherein each of
said sense amplifiers in said second memory block provides the
corresponding pair of bit lines with a pair of second complementary signals
having a high side voltage and a low side voltage on the basis of information
stored in a memory cell selected from said plurality of dynamic memory
cells in said second memory block,

wherein, in a third period, said high side voltage of said pair of
second complementary signals is raised in response to said fourth switch
transistor being enabled, and

wherein, in a fourth period following said third period, said high side
voltage of said pair of second complementary signals is raised continuously
in response to said third switch transistor being enabled so that said high
side voltage is set to said first voltage.

O, 0 ) R T R 89
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4 " second period is responsive to the relative location of the first and
‘'second 5 circuits. 1 17. The method of claim 12 wherein
the second voltage is less than 2 the desired level for a first portion
of the third and fourth periods, and 3 equal to the desired | evel for
the renmaining portion of the third and fourth 4 peri ods. 1

18. An apparatus for driving a data si.gital in a circuit to a desired 2

| evel conprising nmeans for overdriving the data signal with an overdrive 3
voltage for a first period and neans for driving the data signal with a 4
second voltage for a second period to pull the data signal to the desired 5
| evel .

6. A method for driving a data signal to a desired level comprising

Do

overdriving the data signal with an overdrive voltage for a first period and

w

driving the data signal with a second voltage for a second period, wherein

~

the second voltage pulls the data signal to the desired level.

7. The method of claim 6 wherein the overdrive voltage exceeds

et

the desired level.

8. The method of claim 6 wherein the first period is initiated by a

first enable signal and the second peried is initiated by a second enable

signal.

w

9. The method of claim 8 wherein the data signal is used in an
amplifier circuit, the enable signals are generated by an enable circuit, and
a length of the first period is responsive to the location of the amplifier

B N =

circuit relative to the enable circuit.

10. A method for driving first and second signals to a desired level
comprising overdriving the first signal with an overdrive voltage for a first
period; overdriving the second signal with the overdrive voltage for a second
period; driving the first signal with a second voltage for a third period and
driving the second signal with the second voltage for a fourth period,
wherein the second voltage pulls the first and second signal to the desired

level.

-1 O O i W N
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1 ' 19. The apparatus of claim 18 wherein the neans for

overdriving 2 the data signal wth the overdrive voltage pulls the

si gnal above the desired 3 | evel . 1 20. The apparatus of
claim 18 further conprising a first enable 2 signal for initiating the
first period and a second enable signal,for 3 concluding the first

period and initiating the second peri oé- 1 21. The apparatus
of claim 20 further conprising an enable circuit 2 for generating the
first and second enable signals wherein the timng of the 3 generation

of the second enable signal is responsive to the distance between

11. The method of claim 10 wherein the overdrive voltage pulls the
2 first signal past the desired level.

12.  The method of claim 10 wherein the first and second periods
are initiated by a first enable signal and concluded by a second enable
signal, and wherein the third and fourth periods are initiated by the second
enable signal.

B N

13. The method of claim 12 wherein the first and second signals
are used in a first and second circuit, the enable signals are generated by
an enable circuit, and a length of the first and second periods are responsive
to the location of the first signal circuit relative to the enable signal circuit,
and lengths of the third and fourth periods are responsive to the location of
the second signal circuit relative to the enable signal circuit.

D N W N

[y

14. The method of claim 12 wherein the first and second periods
are of different lengths.

o

15. The method of claim 14 wherein the first signal initiates the
first and second periods at approximately the same time, and the second
signal concludes the first period before the second signal concludes the

B W N

second period.

16. The method of claim 15 wherein the first and second signals
are utilized in a first and second circuit, respectively, and the time
difference between the length of the first period and the length of the

ot
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4 the location of the enable circuit and the |ocation of the data
circuit. - 22 -

second period is responsive to the relative location of the first and second

5 circuits.

17.  The method of claim 12 wherein the second voltage is less than
the desired level for a first portion of the third and fourth periods, and
equal to the desired level for the remaining portion of the third and fourth
periods. .

B W N

18. An apparatus for driving a data signal in a circuit to a desired
levei comprising means for overdriving the data signal with an overdrive
voltage for a first period and means for driving the data signal with a
second voltage for a second period to pull the data signal to the desired

o oA W N =

Ievel_.

19. The apparatus of claim 18 wherein the means for overdriving
the data signal with the overdrive voltage pulls the signal above the desired
3 level.

1 20, The apparatus of claim 18 further comprising a first enable
signal for initiating the first period and a second enable signal for
concluding the first period and initiating the second period.

w

21. The apparatus of claim 20 further comprising an enable circuit
for generating the first and second enable signals wherein the timing of the
generation of the second enable signal is responsive to the distance between

the location of the enable circuit and the location. of the data circuit.

B O DN
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1 ' 22. Acircuit for driving first and second signals to a
‘desired |l evel 2 conprising neans for overdriving the first signal with
an overdrive voltage 3 for a first period; nmeans for overdriving the
second signal with the overdrive 4 voltage for a second period; neans
for driving the first signal with a secand 5 voltage for a third
period; and neans for driving the seco signal with the 6 second
voltage for a fourth period, wherein the neans for driving the second 7
voltage pulls the first and second signals to the desired |evel. 1

23. The circuit of claim22 wherein the nmeans for driving the 2
overdrive voltage pulls the first signal past the desired | evel. 1

24. The circuit of claim22 further conprising nmeans for generating 2

a firdst enabl e £2gnalA eurcuitiforidaiving finst anidr sacond Figealsie »desizad level neans
2 comprising means for overdriving the first signal with an overdrive voltage

for a first period; means for overdriving the second signal with the overdrive

voltage for a second period; means for driving the first signal with a second

voltage for a third period; and means for driving the second signal with the

second voltage for a fourth period, wherein the means for driving the second

voltage pulls the first and second signals to the desired level.

-1 O o W

23. The circuit of claim 22 wherein the means for driving the

no

overdrive voltage pulls the first signal past the desired level.

24. The circuit of claim 22 further comprising means for generating
a first enable signal for initiating the first and second periods and means
for generating a second enable signal for concluding the first and second
periods and initiating the third and fourth periods.

B W N -

25. The circuit of claim 24 wherein the means for overdriving the
first signal and the means for overdriving the second signal are identical
circuits, and a length of the first period is longer than a length of the second
period.

B W N e

26. The circuit of claim 25 wherein the difference in the lengths of
the first and second periods is responsive to the location of the means for
overdriving the first signal, and the means for overdriving the second signal
with respect to the means for generating a first enable signal.

B W N =
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3 " for generating a second enable signal for concluding the first and
second 4 periods and initiating the third and fourth peri ods. 1

25. The circuit of claim 24 wherein the nmeans for overdriving the 2

first signal and the neans for overdriving the second signal are identical
3 circuits, and a length of the firgg period is |longer than a | ength of
the second 4 peri od. 1 ~26. The circuit of claim 25
wherein the difference in the I engths of 2 the first and second peri ods
s responsive to the |ocation of the neans for 3 overdriving the first
signal, and the neans for overdriving the second signal 4 W th respect
to the nmeans for generating a first enable signal.

1 27. The circuit of claim 26 wherein the first signal initiates the
2 first and second periods at approximately the same time, and the second
3 signal concludes the first period before the second signal concludes the
4

second period.

28. The circuit of claim 27 wherein a length of time between the
conclusion of the first period and the second period is determined by the
3 location of the first and second signal.

oy

29. The circuit of claim 24 wherein the second voltage is less than
the desired level for a first portion of the third and fourth periods, and
equal to the desired level for the remaining portion of the third and fourth
periods.

B W N

30. A dynamic random access memory structure comprising:

means for supplying a VDD voltage level;

means for supplying a VSS voltage level;

a voltage circuit for supplying a V1 voltage level;

a first bit line having a first voltage level signal thereon;

a second bit line having a second voltage level signal thereon;

a first sense amplifier circuit connected to the first bit line for driving
the first voltage signal to the V1 voltage level;

a second sense amplifier circuit connected to the second bit line for
driving the second voltage signal to the V1 voltage level;

a control circuit comprising:

W 00 =1 B O = W N =

-
- O
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- 23 -
si gnal

1 27. The circuit of claim?26 wherein the first

initiates the 2 first and second periods at approximately the

sane tinme, and the second

12
13
14
15
16
17
18
19
20
21
22

L N

N B W N

- 24 -

means for overdriving the first sense amplifier with the
VDD voltage level for a first period;
means for overdriving the second sense amplifier with
the VDD voltage level for a second period;
means for driving the first bit line with a variable
voltage level for a third period; and
means for driving the second bit line with a variable
voltage level for a fourth period,
wherein the voltage level signals on first and second bit lines are
driven past the V1 voltage level during the first and second period, and to
the V1 voltage level during the third and fourth period.

31.  The control circuit of claim 30 further comprising an enable
circuit for generating a first enable signal for initiating the first and second
periods and a second enable signal for concluding the first and second
periods and initiating the third and fourth periods.

32. The control circuit of claim 31 wherein a length of each of the
first and third periods is responsive to the location of the first sense
amplifier relative to the enable circuit, and a length of each. of the second
and fourth periods is responsive to the location of the second sense amplifier

relative to the enable circuit.

33. The control circuit of claim 32 wherein the lengths of the first
and second periods are different.
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3 " signal concludes the first period before the second signal concludes
the 4 second peri od. 1 28. The circuit of claim27
wherein a length of tine between the 2 conclusion of the first period
and the second period is determ ned by the 3 | ocation of the first and
second signal . 1 29. Theygircuit of claim24 wherein the
second voltage is less than 2 t he ired level for a first portion of
the third and fourth periods, and 3 equal to the desired |evel for the
remai ning portion of the third and fourth 4 peri ods.

34. The control circuit of claim 33 wherein the first signal initiates
the first and second periods at approximately the same time, and the second
signal concludes the first period before the second signal concludes the

second period.

B W N

85. The control circuit of claim 34 wherein a length of time

between the conclusion of the first period and the second period is

=

determined by the location of the first and second bit line.

w

36. The control circuit of claim 31 wherein the V1 voltage level is
lower than a desired level for a first portion of the third and fourth periods,
and equal to the desired level for the remaining portion of the third and
fourth periods.

W N -

37. A semiconductor memory according to claim 5, further
comprising fifth and sixth switch transistors wherein each of said pair of bit
lines is divided into a first portion coupled to said respective dynamic
memory cell and a second portion coupled to said pair of PMOS transistors
of said sense amplifier, said fifth switch transistor is serially connected
between said first and second portion of said first bit line, said sixth switch
transistor is serially connected between said first and second portion of said
second bit line, and, in said first and third periods, said high side voltage of
said first portions of said pair of bit lines is raised over said first voltage in
response to said third and fourth switch transistors being enabled.
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1 ' 30. A dynam c random access nenory structure conprising: 2

means for supplying a VDD voltage level; 3 means for supplying
a VSS voltage level; 4 a voltage circuit for supplying a Vi
voltage level; 5 a first bit line having a first voltage |eve
signal thereon; 6 a second bgt _line having a second voltage
| evel signal thereon; 7 a f4+rst sense anplifier circuit
connected to the first bit line for driving 8 the first voltage signal
to the V1 voltage level; 9 a second sense anmplifier circuit
connected to the second bit line for 10 driving the second vol tage
signal to the V1 voltage level; 11 a control circuit conprising:
1 38. A semiconductor memory according to claim 37, wherein said
2 third period is longer than said first period.

39. A semiconductor memory according to claim 38, wherein said

2 second and fourth switch transistors are enabled from a same timing.

1 40. A semiconductor memory according to claim 39, wherein, in
2 said first and third periods, said high side voltage of said first portions of
3

said pair of bit lines is lowered to be at most equal with said first voltage.

e
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- 24 - 12 i means for overdriving the first sense

anplifier with the 13 VDD voltage |level for a first
period; 14 nmeans for overdriving the second sense
anplifier wwth 15 the VDD voltage |level for a second
period; 16 means for driving the first bit line
with a variable 17 ngZgge | evel for a third period; and

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE
HAVING A CONTROLLED OVERDRIVING CIRCUIT

Abstract of the Disclosure

The present invention is a method and apparatus for overdriving
signals received by a sense amplifier circuit. To this end, an overdrive
circuit drives the signal to be sensed for a period of time to a voltage level
greater than a normal level. The length of the period of time corresponds to

* the location of the sense amplifier circuit relative to a sense enabling
circuit. Upon completion of the overdriving, a normalization circuit drives
the signal to be sensed for a second period of time to the normal level,
thersby preparing it for the next memory cycle so that the signals can be
once again set to a desired precharge level.

Figure 10
e
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18 - means for driving the second bit line with a
vari able 19 vol tage level for a fourth period, 20
wherein the voltage | evel signals on first and second bit lines are 21
driven past the V1 voltage |level during the first and second period, and to
22 the V1 voltage level during the third and fourth period. 1

31. The control circuit of claim30 FuﬂLﬁer conprising an enable 2
circuit for generating a first enable signal for initiating the first and
second 3 periods and a second enabl e signal for concluding the first
and second 4 periods and initiating the third and fourth peri ods. 1
32. The control circuit of claim31 wherein a |ength of each of the 2
first and third periods is responsive to the location of the first sense
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3 anplifier relative to the enable circuit, and a |length of each of the

second 4 and fourth periods is responsive to the |ocation of the
second sense anplifier 5 relative to the enable circuit. 1
33. The control circuit of claim32 wherein the lengths of the first 2
and second periods are different. -2 -
14
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- 25 - 1 34. The control circuit of claim33 wherein the

first signal initiates 2 the first and second periods at approxi mately
the sane tinme, and the second 3 signal concludes the first period
before the second signal concludes the 4 second peri od. 1

35. The control circuit of claim34 wherein a length of time 2
bet ween the conclusion of the first pe3iod and the second period is 3
determned by the |ocation of the firST and second bit Iine.
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1 - 36. The control circuit of claim31 wherein the V1 voltage
l-evel is 2 | ower than a desired |level for a first portion of the third
and fourth periods, 3 and equal to the desired |evel for the remaining
portion of the third and 4 fourth periods. 1 - 37. A

sem conductor nmenory according to claim,5,_ further 2 conprising fifth
and sixth switch transistors wherein eaé%“of said pair of bit 3 l i nes
is divided into a first portion coupled to said respective dynamc 4
menory cell and a second portion coupled to said pair of PMOS transistors

5 of said sense anplifier, said fifth swtch transistor is serially
connected 6 between said first and second portion of said first bit
line, said sixth switch 7 transistor is serially connected between
said first and second portion of said 8 second bit line, and, in said
first and third periods, said high side voltage of
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(R 38. A sem conductor nenory according to claim 37, wherein

said.2 third period is longer than said first period. 1

39. A sem conductor nenory according to claim38, wherein said 2

second and fourth switch transistors are enabled froma sane tim ng. 1
40. A sem conductor nenory according_tg claim39, wherein, in 2 sai d

first and third periods, said high side-roltage of said first portions of 3
said pair of bit lines is lowered to be at nost equal with said first
vol t age.
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