*1- BIT-LINE EQUALI ZATION IN A MEMORY Field of the Invention The present

i nventd-on relates to nenories which have bit |ines which ar2 ggzg £
beforéwa read, and nore particularly, to nmenories which are ﬂ? %g din
rfesponse to an address transition. Background of the Invention Static
random access Renovi es (SRANB) have menory -gel |l s which are nore effectively
read when the bit line pairs to which they are coupl ed are precharged to
sone predeterm ned vol t age. BAT &INE @QUATITFATION INA MBMORY acconpl i sh
this precharge is to equalize the voltage on the bit lines in response to a
an address transition. The voltage generally chosen as the precharge
voltage is equal to one N channel Fialdsef| thecInugnthehow t he positive
power supply voltage. During the witing of the menory cells, one of the

bit lines of the hit |ien t a voltage near th osj tive. power
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is for a rel aanmqremrtrmsibaom time. The peak current requi rerrent i S
thus rmuch greater than the average current. A power supply for the nenory -
nmust. not only be able to handl e the average current re rement but the
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peak current requirenent as welB3CHEROUNG, O 2 -fk bquirenet is
significantly greater than the average cur rent reqU|rennent t he plrinary
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voltage. A technique that is often used to accomplish this
precharge is to equalize the voltage on the bit lines in
response to a an address transition. The voltage generally
chosen as the precharge voltage is equal to one N channel
threshold voltage below the positive power supply voltage.

. During the writing of the memory cells, one of the bit lines
of the bit 1i§n pairs is at a voltage near the positive power
supply and the other is at ground potential. To charge bit

‘lines after a write cycle requires that the capacitance of the

U ~ bit lines be quickly charged for rapid access of a memory
cell.
. The charging of the bit lines consequently requires a

- relatively large amount of current even though it is for a
relatively short period of time. The peak current requirement
is thus much greater than the average current. A power supply

. for the memory must not only be able to handle the average

"~ current requirement but the peak current requirement as well.

. When the peak current requiremet is significantly greater than
the average current requiremment, the pirimary size and cost
of the power supply may be controlled by the peak current
requirement. Additionally, high peak currents cause voltage
spikes in the power supply bus on which many other devices are
also connected. As seen by other devices as well as the

" internal circuitry. of the memory causing the spike, the spike




i s noi se which can cause operating problens. Thus the desirability of
rapi d precharging of the bit I|nes iIs in conflict wwth the deS|rab|I|ty of
m ni mal peak currents. 5 : Sunmary of the |nvention

obj ect of the present invention is to progide a nenory and a ret hod of
using a nenory wherein the above di sadvant ages nmay be overcone-or at | east
alleviated. 10 In a preferred formof the invention a menory has a
plurality ofisneise sdrich canoopuseceperatitngapspblemse cFousi rhe on
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cells are coupled to word lines and bit line pairs at intersections

t her eof . 5 Each nmenory cel | recg a h8MrAireRES. l,des data to the bit
line pair to which it is coupl - which it is coupled
is enabled. The row 20 -decoder is coupled to the word |ines: and enabl es a
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~a timnggli %ﬂ@é@&fﬂt'fiﬂadﬁéfﬁandtﬂg plfirality of memory cells are
coupled to word lines and bit line pairs at intersections
thereof._ Each memory cell receives data from or provides
. data to the bit line pair to which it is coupled when the
_ word line to which it is coupled is enabled. The row
20 décher“;s_coupled to .the word lines and enables_axsélected
word iiné_as;determineﬁ by a row-address.f The bit line
:_equalization_circuit is coupled to the bit line pairs and
charges the bit line pairs to at least a first voltage in
_ :ésponse:tc“athansition from the write mode to the read \)
25 mode and charges the bit lines to a second voltage in
response to_g_trgnsition of the row address. The second
voltage is of greater magnitude than the first voltage.
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" FIG..1 is a'blbck_diagram of_the-invention:accordihg
- to a preferred embodiment. of the invention; :
FIG. 2. is a. circuit diagram of a portion of the
memory of FIG. 1 according to a preferred embodiment of the
35 invention: : : - -



operation of the portion of the nmenory shown in FIG 3. Description of the
| nvegtd.on Shown in FIG 1 is a static random access nenory (SRAM 10
conprieed generally of an array 11, a row decoder 12, a row address buffer
13, -a col umn decoder 14, a bit |ine equalization circuit 15, data lines 16,
a data I/C)0|rQU|t 17, a wite enable buffer, 18, a wite enable transition
detector 19, "a transition summation circuit 21, a transition summation

circuit 22, -a colpgg, agd%gifcbﬁs?ﬁhﬁeﬂ gebek!, 01o§§c 2apdl BiRcader %.%%gram |
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*CS, nenory 10 is sel ected mhe%EgEg%Eh%?ggggisggpg%yggt?%@gnd desel ected
when signal *CSis a logic hig a CI T cCul el tner receives or
provides a data signal D. Signal D, in a x1 nmenory, is a single signal.
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29 and 30 are shown in FIG. 1. Buffer 26 receives a chlp_
select signal *CS and provides an internal chip select signal
*CSI in response thereto. The asterisk (*) before a s1gna1
indicates that the signal is active at a logic low. In the:
case of signal *CS, memory 10 is selected when signal *Cs is a
o lcgic low and deselected when signal *CS is a logic hlgh.
U/ '~ Data I/0 circuit 17 either receives or provides a data signal
D. 8ignal D, in a x1 memory, is a single.signal. Signal D,
”_in a by x4 or X8, memory can be more. For example, 4 or 8 bit
line pairs can be selected for a single column address so that
data signal D could be 4 or 8 signals respectively. Buffer 18
receives a write enable'signal *WE and'provides an internal

3'write enable signal *WEI to bit line equalization circuit 15
Ahd several other write enable derived signals to data I/0 17
in respohse to write enable signal *WE. When signal *WE is a
logic high, memory 10 is in a read mode. Whéh_signgl *WE is a

_' lbjic low, memory 10 is in a write mode. Data I/0 circuit

| provides data signal D as an output when memory 10 is in the
read mode and receives signal D as an input when memory 10 is
in the write mode. Column decoder 14 is connected to the bit
line pairs of array 11. Data lines 16 are comprised of 4 data




array 11. Transition detector 19 is connected to buffer 18 and provides a
signal *WET as a logic low pulse in response to a logic lowto |ogic high-
transition of wite enable signal *WE. Transition detector 23 is connegied
to buffer 24 and detects a transition ef-the col um address.’ The coltim
address is conprised of a-plurality of colum address signals. ., Colum
addressisignals CO O, and CN are shown in FIG 1. TranS|t|on détector 23
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states. Consequently, transition summation circuit 22 receives
a pulse for each column address signal which changes logic
states. Transition summation circuit 22 also receives pulse
*WET._ Transition summation c1rcuit 22 provides a column
summation szgnal *CSP as a logic low pulse in response to
rece1v1ng any column address Signal pulse or pulse *WET and a
data line equalization signal *DLEQ as a logic low pulse in
response to receiving any column address signal pulse, a row

' address transition summation signal *RSP at a logic low, or
pulse *WET. signal *RSP is prov1ded as a logic low pulse by
bit line equalization circuit 15 in response to a row address
transition. Transition summation circuit 21 functions as an

" AND gate having inputs for receiving pulses *CSP and *WET and
an output for providing a column disable signal *CDP as a logic
low pulse in response to an occurrence of either pulse *CSP or
*WET or both. '

A memory cell located in array 11 is enabled when the

word line to which it is connected is enabled. Row decoder 12
is connected to the word lines of array 11 such as word lines
27 and 28. The word line which is selected to be enabled is

selected by a’ row address. Row address buffer 13 receives the

L



Row decoder 12 decodes the recei ved row address and enabl es the word Iine
sel egt;ed thereby. Simlarly, colum decoder 14 couples selected bit |ine

pai r$5 data lines 16. In the present enbodi ment, colum decoder 14
Gouples 4 bit li-n€ pairs to correspondi ng data I|ne pairs of data |ines 16
for a particular colum address. Each rrermr’?"cell as is characteristic of

SRAM cel | s, can either have data witfen, i o_or

fromit.
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data signal D. In the write mode, an enabled memory cell may
be written into if the bit line pair to which it is coupled is
selected. If selected, the bit line pair is polarized in
voltage so as to write data into the enabled memory cell. In
the write mode, the four data line pairs of data lines 16 are

- polarized in voltage by data I/O 17 which writes onto these

-:four data line pairs according to received data signal D. A
selected bit line pair is written onto by being coupled to one

" of the polarized data line pairs via column decoder 1l4. Bit

-~ line equalization circuit 15 is responsive to a row address
change and in response to the internal write enable signal

B *WEI and provides for equalization of the bit lines.
| Column decoder 14 is disabled in response to pulse *CDP
'switching to a logic low. Pulse *CDP will typically stay at a

o lbgic low for about 10 ns in response to pulse *WET or pulse
 *%CSP. Pulse *CSP will pulse to a logic low in response to any
'cblumn address changé or a change from the write mode to the

" read mode. In the case of a write to read transition, data
I/0 must switch from being a data in buffer and a write driver

to being a sense amplifier and a data out buffer. This



6- conversion is done in response to the signals provided by buffer 18.
Upon a change in signal  *WE switching froma logic lowto a |logic high,~
standard specification in the industry, known as wite high to data dQﬂ”ﬁ
care (TWHDX), requires that signal D=alése be al |l owed to change wit hout™ any
adverse effect such as-witing invalid data into a cell. Before invalid
data could be witten_into.a nenory cell, the inval id data must first
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this, however, the propagation delay through the write -
circuitry must be ensured of being at least long enough for
signal WDE togreach the write driver of data I/O 17.

_ A better technique, shown in FIG. 1, uses a pulse,
pulse *CDP, to disable column decoder 14 in response to a write
mode to read mode;transition.f_Of course the write driver must
still be disabled so that sensing #an occur. Disabling the
colunn;decoder_tekes;advantage_of the propagation delay-through
the_write circuitry_of data_I/b 17 to the column decoder being
longer than the propagation delay to the write driver. Pulse
*CDP is generated very quickly with a minimum of delay.
Transition summation circuit 21 combines only two signals so
has very little propagation delay. The important transition is
the logic low to logic high transition of signal *WE.
Transition detection circuitry can generally be optimized for
_either a rising edge or a falling edge._ Transition detector 19
- can easily be made for: rapid detection of the logic 1ow to
logic high transition of signal *WE. Accordingly, pulse *CDP
can be generated at least .as quickly | o '




¥7- as signal WDE can be switched froma logic high to a logic low Signal
*GDPzdi sconnects the wite path at a point in the wite path which has a

gr eat®&s propagati on delay than the point at which signal WDE di sconnects
the wite path. -This provides an opportunity to renove sone of the del ay
fromthe wwite scircuitry which has been reqfi-red in the past to ensure
meeting the wite high to data don't care specification. Consequently, data
1/ 0 17 can\Masestgnabrwuﬁcegnebehewibqhedeﬂrdmlaylogichbithte ai togiery
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an equal i zat iDine| égualizdtLonpetchotbrs.line pair 30. Bit line pair 29 S

compri sed of 01 ades, 38 P96, o7, 4 b BRPFABR. e RebAvoITN B RRAELCH be
transi stors G3kumnclecoden IughanpertioanefsdataGEineEqméb|aadlanpanhmmm
57 1s conpri sgfl P{tMine equalization circuit 15. The portion of data
" lines 16 shown in FIG. 2 is a data line pair 36 comprised of a
. data line 37, a data line 38, and an equalization circuit 39.
w;_ Equalization circuit 39 is comprised of N channel transistors
71 and 72, a P channel transistor 73, and a CMOS inverter 74.
‘The portion of column decoder 14 shown in FIG. 2 is comprised
_ of coupling transistors 41, 42, 43, 44, 45, 46, 47, and 48.
U - f.The portion of array 11 shown in FIG. 2 is comprised of word
~lines 27 and 28, bit line pairs 29 and 30, a memory cell 51
- coupled to word line 27 and bit line pair 29, a memory cell 52
| coupled to word line 27 and bit line pair 30, a memory cell 53
coupled to word line 28 and bit line pair 29, a memory cell 54
. coupled to word line 28 and bit line pair 30, an equalization
. circuit 56 coupled'to bit line pair 29, and an equalization
' jcircuit 57 coupled to bit line pair 30. Bit line pair 29 is
.. comprised of bit lines 58 and 59. ' Bit line pair 30 is '
:?fﬂ comprised of bit lines 60 and 61. Equalization circuit 56 is
N comprised of N channel transistors 63 and 64 and a P channel
_ transistor 65. Equalization circuit 57 is comprised of N
channel transistors 66 and 67 and -P channel transistor 68.
The N channel transistors are N channel, enhancement mode,
insulated gate field effect transistors. The P channel



channel transistors 66 and 67 and P channel transistor 68. The N channel

transi stors are N channel, enhancenent node, insulated gate field effeci,

transi stors. The P channel transistors are P channel, enhancenent,._,.__faﬁ e,
field effect transistors. The threshold voltage is about 0.6 volt for the
N channel transistors and about -0.6 vokg-for the P channel” transistors.

In the, case of the N channel transistors, the threshold voltage increases
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line 37, a second current electrode coupled €0 bit line 60,

and a control electrode for receiving a column decoder output
signal CD2. Transistor 47 is an N channél transistor having a
first current electrode connected to data line 38, a second
current electrode coupled to bit line 61, and a control .
electrode for receiving column decoder output signal cD2.
Transistor 41 is a P channel transistor having a first current HJ
electrode connected to data line 37, a second ‘current :
‘electrode coupled to bit line 58, and a control electrode for
receiving a column decoder output signal *CD1 which is _
complementary to signal CDl. Transistor 44 is'a P channel
transistcr having a first ‘current electrode connected to data
line 38, a second current electrode coupled to bit line 59,
-and a: control electrode for receiving column decoder output
signal *CDl. Transistor 45 is a P channel transistor having a
first current electrode connected to data line 37, a second
current electrode coupled to bit line 60, and a control _
electrode for receiving a column decoder output signal *CD2
which is complementary to signal CD2. Transistor 48 is a P
channel transistor having a first current electrode connected
to.data line 38, a second current electrode coupled to bit




clirrent el ectrode coupl ed to bit line 60, and a control electrode for

recei ¥&ng a col um decoder output signal *CD2 which is conplenmentary to’
S|gnaV“€£2 Transistor, 48 is a P channel transistor having a first current
el ectrode connected to data I|ine 38, a secdnd current el ectrode coupled to
bi-t- -9- line:<61, and a control electrode for receiving col um decoder
output signal *CD2. Transistor 63 has a first current electrode coupled to
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second = first current electrode coupled to VDD, a second current
' ‘electrode coupled to bit line 61, and a control electrode for
receiving signal EQP. Transistor 68 has a first current
~ electrode coupled to bit line 60, a second current electrode
' coupled to bit line 61, and a control electrode for receiving a
"bit line equalization signal *EQ. Inverter 74 has an input for
~.xreceiving signal *DLEQ, and an output. Transistor 71 has a
first current electrode coupled to VDD, a second current'
.électrode coupled to data line 38, and a control electrode
coupled to the output of inverter 74. Transistor 72 has a
. ,first current electrode coupled to VDD, a second current
electrdde coupled to data line 37, and a control electrode
coupled to the output of inverter 74. Transistor 73 has a
”“first'current electrode coupled to data line 37, a second
" current electrode coupled to data line 38, and a control
.electrode for receiving signal *DLEQ. |
_ ' In a write mode data line pair 36 is polarized and is
- coupled to one of the bit line pairs in array 11. Assuming
that memory cell S1 is selected, signal CDl is a logic high so
- that transistors 41-44 are conducting and data line pair 36 is
- coupled to bit line pair 29. With bit line pair 29 coupled to
‘data line pair 36, the logic states of bit lines 58 and 59 are




current el ectrode coupled to data |ine 38, and a control electrode for . ‘
receiving signal *DLEQ In a wite node data-line pair 36 is polarized and -
is coupled to one of the bit line pairs in array 11. Assum ng that nEHﬁry
cell 51 is selected, signal CDl is a ljgic high so that transi-stors 41-44 ¢
are conducting and data line pair 36 is coupled to bit line pai-r 29. Wth

bit line pair 29 coupled to data line pair 36, the logic states of bit
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address n ition duri ‘the read node, signal pul ses to VDD for the
durat|5 PUEREY AR 4D pul se width of signal *EQto bring both bit Iines
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| i nes 870aN@l%S.,i ﬁh@bﬁd@ 38 safyrapoup £P pvektag t Bhis| GQFErP&wthﬁt
responggitted HIIMilEE S0 Bi¥Eline 59 will drop below two N
channel threshold voltages below VDD. Two threshold voltages
below VDD would then be about 3.0 volts including body effect.
When there is a row address transition during the read mode,
signal EQP pulses to VDD for the duration of the logic low
pulse width of signal *EQ to bring both bit lines of a bit line
pair to one N channel threshold voltage below VDD. Signal *EQ
pqlses to logic low in response to any row address transition A\
but is otherwise a logic high during a read or write. Circuit
39 equalizes data lines 37 and 38 in response to signal *DLEQ
pulsing to a logic low in response to a column address change,
a row address change, or a éhange from the write to the read
mode. When signal *DLEQ is a logic low, transistor 73 is
conducting and inverter 74 provides a logic high-outpﬁt-at'VDD
which causes data lines 37 and 38 to be equélized at ocne N -
channel threshold voltage below VDD, the same as- the bit lines.
Shown in FIG. 3 is row address buffer 13, row decoder
12, and a portion of bit line equalization c1r¢uit 15 which.
' génerates signals *EQ'and_EQP which is a control pulse circuit
'76. control pulse circuit 76 is comprised of a row address:
transition detection and summation circuit 77, a buffer



& row address change, or a change fromthe wite to the read node. Wen
S|gnat *DLEQ is a Ioglc |l ow, transistor 73 is conducting and inverter 74
prOV|ﬂes a |l ogi c high output at VDD which causes data |lines 37 and 38 to be
équalized at one N channel threshold voltage bel ow VDD, the same as the bit
lines. Shown in FIG 3 is row address bufferid3, row decoder 12, and a
portion of. bit line equalization circuit 15 which generates signals *EQ and
EQP whi ch .i s cAyenxitt 018 pla skeXay cedrcuit 79pnam oinyetser c80cuat NXBD| gate
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i nverter 80, t connec gircuit
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81, a first cconrettedetortie outputt of tovertemd87andnd eucowdpit.r e NAND
el ectrode co f&e tﬂagogefﬁgstTiﬁgahsEQBn@étQﬁ?tﬁthhpbuﬁb%&F%EQQﬂVEfter

rece|V|ng S|g
. 80, a second input connected to the output of delay circuit

79.  Transistor 82 has a control electrode connected to the
. output of inverter 80, a first current electrode connected to
VDD, and a second current electrode connected to a node 88.
. S8ignal EQP is generated at node 88. Transistor 83 has a
.. control electrode connected to the output of NAND gate 81, a
U w:= first current electrode connected to ground, and a second
. current electrode connected to node 88. Transistor 84 has
R control electrode for receiving signal *WEI, a first current
-electrode coupled to VDD, and a second current electrode
connected to node 88. NOR gate 86 has a first input for
receiving signal *WEI, a second input connected to the output
of delay buffer 78, and an output. Transistor 85 has a
-control electrode connected to the output of NOR gate 86, a
.£irst current electrode connected to ground, and a second
current electrode connected to node 88. _
5' When signal *WEI is a logic high, indicative of the read
mode, transistor 84 is conducting. The logic high of signal
- *WEI also forces NOR gate 86 to output a logic low which
. causes transistor 85 to be non-conductive. Signal *WEI at a
fiogic high is provided in a conventional CMOS manner so that



el ectrode coupled to VDD, and a second current electrode connected to node
88. NOR gate 86 has a first input for receiving signal *WEl, a second.

i nput connected to the output of delay buffer 78, and an output s 3
Transi stor 85 has a control el ectrode connected to the output: of NOR gate
86, a first current el ectrode connected-1®»-ground, and a sécond current

el ectrpde connected to node 88. \Wen signal *WEl is a |ogic high,
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read node SI na RD smntches toalo out ns. The del ay of
buffer ci POUCRIESNt drain Trop nede 88 =9 hhat m#ggahsﬁBs igopgovdged high
about 2 nataldm ignaindD titésHETd teobtaggi Beboghvpdd switches to a |ogic
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- to a logic high about 2 ns after signal RD switches to a logic
- high andﬂswitches-to a logic low about 2 ns after signal RD
- switches to a logic.low. Upon signal DRT'switchiné to a logic
high, inverter 80 responds by switching its output to a logic
low,which.causes:transistor 82 to be conductive. The logic
- low provided by inverter 80 to NAND gate 81 holds the oéutput
of NAND gate 81 at logic high so that transistor 83 remains ./
_ non-conductive. Signal EQP is then provided at VDD. After
the delay time of . delay circuit 79, the output of delay 79
becomes a logic high. After signal DRT switches back to a
logic low, inverter 80 outputs a logic high which causes
. transistor 82 to be non-conductive and NAND gate 81 ‘to provide
a logic low;outputtfor=the duration of the delay of delay
circuit 79. Transistor 83 responds by becoming conductive
which pulls signal EQP down to a little below one threshold
voltage below VDD. After.thé'timefdelay_of delay circuit 79,
the output -of delay circuit 79 switches to a logic low which
. causes NAND gate 81 to provide a logic high output, causing
transistor 83: to become non-conductive. After signal DRT
- switches to a logic low, it is desirable to release the bit
lines to be separated by the enabled memory cell. This is



of NAND gate 81 at |logic high so that transistor 83 remmi ns non-conductive.
Si.gnal,» EQP is then provided at VDD, After the delay tine of delay circuit
79, t out put of delay 79 becones a logic high. After signal DRT swtches
Back to a logic.low, inverter 80 outputs a |ogic high which causes

transi stor 82 to be non-conductive and NANBYgp=te 81 to provide a logic | ow
output for the duration of the delay of delay circuit 79. Transistor 83
responds by Retdeves dnmchming mmmtssm:gmce@heomltaga pft signal
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desirabl e t()Jb ease the bit lines to be separated by the enabl ed nmenory
cell. This is -13- achi eved by having transistor 83 reduce the voltage
of signal EQP. Tharshatwri®s nedepnsignale*WBI isoatlogbcdlowt whichf canses
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signal EQP is w b ans urin e wite node.
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becon1ng nonnmﬂupnlses torat hogisahighuwhicbncagsgaasignrli #EQ to switc
- to a logic low, transistor 82 to become conductive, and NOR
gate 86 to output a logic low pulse of the same duration as
the logic high pulse of signal DRT. Transistor 85 responds by
' becoming non-conductive for this same duration. Signal EQP is
thus pulsed to a logic high for the duration of the logic high
of signal DRT. The output of NAND gate 81 is held to a logic
. high for the pulse duration by signal *EQ being a logic low.
U . When signal DRT switches back to a logic low, signal *EQ
switches back to a logic high, transistor 82 becomes
non-conductive, NOR gate 86 outputs a logic high, transistor
' 85 becomes conductive, and signal EQP switches to a logic low.
 The output of NAND gate 81 pulses to a logic low so that
transistor 83 is conductive for the duration of the deléy of
:_of delay 79. The time that transistor 83 is conductive is
‘concurrent with the time that transistor 85 is conductive. A
 row address transition during a write thus causes signal EQP
| _fto switch from a logic low at ground to a logic high of VDD
for the duration of the logic high pulse of signal DRT.
~_ When signal *WEI switches to a logic high, indicative of
_switching to the read mode, transistor 84 becomes conductive
and transistor 85 becomes non-conductive. This causes signal
EQP to rise to one N channel threshold voltage below VDD.




thus pulsed to a logic high for the duration of the logic high of signal .
DRT. The output of NAND gate 81 is held to a 1ogic high for the pulse .-
duration by signal *EQ being alegic-1ow :Wen-signal DRT sw.tches back-to
a logic low, signal *EQ switches back tigq a | ogi ¢ high, transistor 82"
beconmes non-conductive, NOR gate 86 outputs a |l ogic high, transistor 85
becomes gonductive, and signal EQP switches to a |ogic |ow. The oltput of
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the particular event which is drawing the current.,  The amount
_of.charge which is required to obtain the desired voltage on
-the bit lines is a function of capacitance-of_the,bit lines.

- For a given amount of time for charging the bit lines to the

~ desired level, the optimum-charge rate should be constant. The
.current_isedesirably the same throughout the particular .
charging duration for the lowest peak current. The current is
related to the gate to the source voltage qf'the charging

. transistor such as transistor 63 of FIG. 2. The two step rise
of signal EQP approx;mates the desired constant current. The
first step is for signal EQP to reach one N channel threshold
voltage below VDD which causes. the bit lines to become
partially charged -1-) that when 51gna1 EQP reaches VDD in the
second step, the gate to source voltage is not as great as it
‘would be if signal EQ! switched quickly to its peak voltage as

'_was done in the prior art. Consequently, the peak current is
reduced by the two step rise of signal EQP.

signal DRT is inherently delayed with respect to signal

*WEI whlch ensures that there is a two step rise even if the

row address changes at the same time that s:.gnal *WE sw:.tches
from :



the particular event which is drawing the current. The anount of charge
which.is required to obtain t hedesi fed voltage on the bit lines is a
funct%@ﬂ of- capacitance of the bit lines. For a given anount of.f{ine for
€harging the bit lI'ines to the desired level, the opti numcharge rate should
be constant. The current is desirably the=3&me throughout the particul ar
charging duration for the | owest peak current. The current is related to
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time t2, to ofE A &Amend&s by rising to a logic high. The time between time
' tl and t3 is the time delay of buffer circuit 78. Signal #*EQ
responds to signal DRT switching to a logic high by switching
to a logic low at a time t4. Signal EQP responds to signal
*EQ switching to a logic low by switching to VDD at a time t5.
The pulse width of signal DRT is the same as that of
signal RD which is at least a predetermined time duration of,
for example, 9 ns but can be longer depending on the severity
U . of address skew, if any. Address skew occurs when more than
one address signal changes state in which there is some
separation in time between the changes. Address skew is well
known in the art. After the predetermined time duration
signal RD switches back to a logic low at a time té6. Signal
DRT is switched back to a logic low by signal RD at a time t7
- which causes signal *EQ to switch back to a logic high at a
time t8. When signal *EQ switches to a logic high, both
inputs to NAND gate 81 are a logic high which causes NAND gate
81 to provide a logic low output at a time t9. The logic low
- output of NAND gate 81 causes transistor 83 to be conductive
' so that signal EQP begins dropping toward about 3 volts.
 After the delay of delay circuit 79, the output of delay
circuit 79 becomes a logic high at a time t10 which causes the
output of NAND gate 81 to provide a logic high output at a
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threshol d vol tage bel ow VDD. Signal DRT responds to signal RD at a tine t3
by rising to a logic high. The tine between tine tl and t3 is the tinge,
del ay of buffer circuit 78. Signal *EQ responds to signal  ‘DRT SwAfChlﬁ/VtO i
~alogic high by switching to a logic low at a tine t4. Signal EQP responds
to signal *EQ switching to a logic |ow<me-sw tching to VDD'at a time t5.

The pulse wdth of signal DRT is the sane as that of S|gnal RD which is at

| east a ptéduet 811 wbdch mautesitsignal EQRrtenise cto done thresbolde | onger
dependi ng f. 1 SRV, r when
por e thanvggghggd?%\si?ws:‘bgbr?;l ?:ﬁﬁné;?;s st at elé.‘%eﬁhr?%hf?ﬁeﬁs‘f@i?g aehHifly
separ at i oRSPHYBi*me bet ween the changes. Address skew is well known in the

art. After thaher edtf Qrivieabltaged s i equalired &b onet theeshotd to a

s onal  Rovartade Heicy A BE kS Slind by 'BEGRRD Rob Bptny He Ypp,
hi gh at ammg isenﬂimg.amlis B at:rmet'dmesbgld noyhagaobalpv\rpuob to
NAND gat e g3l t3fak Q:Hé)%ﬁ: h ﬂJﬂT e %&aeﬁe%o&erpoeudeeawm' c

| ow out put at_ a tine : ow ou 1_cauSes

transi st otend o Re &ﬁi‘cﬂl& \Rbayt E;‘R%'P %ﬁg?ﬁglﬂrﬁmﬂﬁzﬂg‘aﬁomrd
about f ¥wega>w AfDDRY tuhﬁsiel-@dt?]@és dah@yamd:ﬁul (.34 7ﬁﬁebhargmhtgﬁwm&?dﬁtm:f

ci rcui ec e causes e output o
NAND gat e %r%v&aﬂ £°q %?q% ﬁ%%ﬁ éo%?p'ﬁ xgtrgég -16- time t11 which
causes S|gnal EQP to rise to one threshold voltage below VDD. This is the
| evel of EQP at which sensing occurs. The bit line. voltages are equalized
at one threshold vol tage bel.ow VDD prior to sensing by signal EQP being at-
VDD.. During sensing, EQP is held at one threshold vol tage bel ow VDD so that
the bit line which is pulled to the |ower voltage will tend to be held at
about two N channel threshold voltages bel ow VDD. This reduces the anount
.of prechargi ng which nust be achieved to prepare for the next read.



t17-.1. A menory having a wite node in which data is witten rmto—a——
sel ec;lbgd menory cell via a selected’it line pair, and Ln which
data ™s#read froma selected bit line pair, conprisi nglﬂ‘[mﬂmﬂnﬂﬁﬂl&ml
frenory cells coupl'ed to word lines and bit line pairs att intecs s

t hereof, each nenory cell receiving data {Rgm or providing data to the bit
line pair,to which it is coupled when the word line to which it is coupled
is enabled; a rowyd qd-q& :coupled to the word lines, for enabling a

sel ected word #+ned by a row address; bit |ine equalization

means, coupled to the bit line pairs, for charging-the bit line pairs to at
| east a firsl.voht mgeory havingsa write maxde tinowhfichmdata s tweritduen timto

the read nodg aaief:%_acﬂaﬁg&pg Jdefi§ Wil la @%aet&eg_ $AOY P IdAGE idha

response to a transitiqon ot The row address, sald second Vol ta%sn bel ng“=l of
greater nmagn¥Feadenodsn iphwhichs daky dagaead from e medpcied ity ldng &adit,
the bit |inecefipelisdagi:on means conprises: a plurality of bit line load

: h bit Li | | ed : t,i f 1} '
e pai re, for BnBIRFALHe oh mERRRY wani% Zeelnd ine sy o ined and it
vol tage proportional linea padrsagt linterssictd ansmrthenpaf gretich aehaiymell
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when the write signa loglc state, second vol tage

| evel in response toPaix Hesmhich dtods oupladk when the (WRFS b , and
at a third voltage | eidlcH 1t dpGtapled dd rediddlddn of the row address,

rre Vol tage | cdua feeadRty e 40 WHE oEE Hhndd' ledh Rndlp A5 o
greater than that of seleckedmbrdlinge ds\ddternined by a row address;
bit line equalization means, coupled to the bit line
pairs, for charging the bit line pairs to at least a
first voltage in response to a transition from the
write mode to the read mode and for charging the bit
lines to a second voltage in response to a transition
of the row address, said second voltage being of
~ greater magnitude than the first voltage.

2. The memory of claim 1 wherein the bit line equalization
means comprises:
U a plurality of bit line load means, each bit line load
' means, coupled to a respective one of the bit line
pairs, for charging the bit line pair coupled thereto
to at least a voltage proportional to a voltage level
_ of a charging signalf and
signal generator means for generating the charging signal
at a first voltage level when the write signal is in
the first logic state, at a second voltage level in
response to a transition from the write mode to the
read mode, and at a third voltage level in response to
a transition of the row address, said second voltage
level being of a magnitude greater than that of the
first voltage level and said third voltage level being
of a magnitude greater than that of the second voltage
level. '



3. The menory of claim2 wherein the signal generater—means-is further .
characterized as providing an equalization pulse to tﬁﬁ“ﬁlurallty of ot

line load nmeans, for equalizing the bit I|ines, U B Humuﬁl'low aaﬁr ess 1
conpri ses:

transition. 4. The nmenory of claim3 wherein ea
a first transistor having a first currengggl ectrode coupled oafirst
power §upp|y termnal, a second current eFectrode coupled to a first bit

ltlh ne ﬁf t he, reﬂi&%éﬂ@rﬁ'&f'bﬂ&:.ﬁazrw?éﬁdiﬁ €Re! E9bn! ahteth@i%t?&r lmre%?ﬁ \é' ng

e chargi a Seco si st or irst.current e r Qde

coupl ed ?dﬂ§:$?${§e$d€% rﬁﬁgﬁng? rﬁ?nHF°vi&§§goﬁE egrptirakion 8@? o

coupl ed t(thesp&nmnﬂity ofnkibtflihe leademEans,bfbrleqnaﬂdzdpgamheahddntrol
| ectrode ' t t h

el ectrode 1 He gegﬁé\&.é%% ﬂ@ec ﬁregl ?gwshgaggssagglagsltl@iw‘ ransi st or havi ng

a first- current e coupl et I st ine of the respective -
bit li.ne pair, a.second current el ectrode coupled to the second bit |ine of

the resped] vermetmémeeyrpafrelamﬂ 8 GREtesh eheht badcllide Noad ving the
‘equal i zati on he nmenory of ‘claim4 wherein the signal generator

conpri ses: tss transition detection means for generating a row
transition puIaefimstetpmnsbstorahavingddréisstrenrrbn&npﬂbc&xcﬁuans for

prOV|d|ng t he char o t laqSt av éﬁg*ﬁ | eve
when the nenory IS&?@%ﬁdgeal ?ee'tégt gbﬁﬁ? gﬁ S' treq-&& &dt pu? no to a
predet er ni ned bi asCpER@Nt; ﬁlPG‘éﬁeﬁQecPBP&etir ERsat Iféﬁ'sf‘:r St Hdng iafe thtde to
the read node; rovwéspestsvecbitanintopali,! afd Bheontridll dletréad for L1

second vol tage | evel an occ rren ,the row transition pul se,
for providing the 5%3?8Y%ﬂgs%§ﬁth§Fg RE FﬁﬁP& oItage | evel in response to
an - . -a second transistor having a first current electrode .
' coupled to a first power supply terminal, a second

current electrode coupled to a second bit line of the

respective bit line pair, and a control electrode for

receiving the charging signal; and

- a third transistor having a first current electrode
- coupled to the first bit line of the respective bit

line pair, a second current electrode coupled to the

second bit line of the respective bit line pair, and a

control electrode for réceiving'the equalization

pulse.- ' '

5. The menory of claim 4 wherein the signal generator
.comprises:
row address transition detection means for generating a
row transition pulse in responée to a row address
transition; . ' .
' bias means for providing the charging ‘signal on an output
node at the first voltage level when the memory is in
the write mode and for biasing the output node to a
predetermined bias level in response to a transition
- from the write mode to the read mode:
row responsive means for pulling the output node down to
the second voltage level prior to an occurrence of the
row transition pulse, for providing the charging
signal at the third voltage level in response to an



$19-- occurrence of the row transition pulse, and for providing—the

equal i zation pulse in response to an occurrence of t he I tion
pulse‘~6 The nmenory of claimb5 wherein the row respon ' @ﬁﬁﬂ “ ses:
a buffer circuit having an input for receiving the ro | I

and an out put for providing the equalizatiebopul se; puII-domn means for
pul ling the out put node down to the second voltage |evel prior to an
occurrencé .of the equReFudxence pof sthe anow ptransibbhbonepniséprapdl fong t he

out put node to the t;bf&vi/elﬁégehé ?kali‘zé@:‘?@ﬂ%lé@ .?ﬁePEQ#f:ﬁQQCEoOEnt he

equallzatlon pul se. 7. nenor claimb®6 I N means
conprises a first P éﬁﬁﬁﬁ@?e??%ﬂ% s?%ﬁ ﬁ%@lﬁ@a%$$t QR EE%?%nt electrode

coupled to the first power supply ternlnal ~a second current el ectraode
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conprises: i IGRMARESeRANS for |nvert|ng t he equalization pul se; and a
second P channel o Ns#es 10 hav g Sin CIBER! £6) SELELAGURLEHY @

second power supply termn nal cond Current ectrode cou
out put node; -and a cdrantt %‘Et? } nd Rn RNt h%"#'rﬂ’é‘?’f%@llng the
equal i zation pul se. Sequalzatehon )pukseng a plurality of menory cells

l ed t d | t h f
oror y cel 1 ' ccelti - diith daid (bob iR Ao BhETSFEMIE0Tade S5RR 187 R
which it i's coupl ed @egPndhaakiage ikaveb mhieh to an oocyrreence efiathed; a

r ow-tlecoder coum<aj44hgjgta%!6hlﬁﬁ§§é f&ig enabling a selected word |ine

as determ ned by a rov&address awite dde in which data is witten into

a pull-down means for pulling the output node to the third
voltage level in response to an occurrence of the

equalization pulse.

7. The memory of claim 6 wherein the pull-up means comprises
a first P channel transistor having a first current electrode
coupled to the first power supply terminal, a second current
electrode coupled to the output node, and a control electrode
for receiving the equalization pulse.

_ 8. The memory of claim 7 wherein the pull-down means
\_ comprises:

inverter means for inverting the equalization pulse; and

a second P channel transistor having a first current
electrode coupled to a second power supply terminal, a
second current electrode coupled to the output node,
and a control electrode for rece1v1ng the inverted
equalization pulse.

9. In a memory having a plurality of memory cells coupled to
word lines and bit line pairs at intersections thereof, each
memory cell receiving data from or providing data to the bit
‘line pair to which it is coupled when the word line to which
it is coupled is enabled; a row decoder, coupled to the word
iihes, for enabling a selected word line as determined by a
row address; a write mode in which data is written into a



- 20- Jerr] nenory cell via a selected bit line pair; and a read npde in
which data is read froma selected bit |ine palr a method conprising the

steps of: charging the bit line pairs to at I age i 1
response to a transition fromthe wite ygpde txmuﬂ“mmlluﬁligﬂ and charg| ng
the bit lines to a second voltage in response ta actranstti‘on*of the row -
addr ess, sald second voltage being of greater magnitude than the first

vol t age.d 10ected dbmoryt kedlofrial a rﬁeg.é‘dﬁetdleﬁﬁiqrm'fé Pk § endtepsesd
o enggig Vo GUILEOMR AN PRl e RE AL i d SR 20 o

tr-ansition of row addr ess AyichG S
to the %wvepmagésmghthesﬁs@pq ®%the chargl ng of the bit lines to at

least the first ¥phtg9flg the bit line pairs to at least a first 5
voltage in response to a transition from the write mode to the
read mode; and

charging the bit lines to a second voltage in response
to a transition of the row address, said second voltage being
of greater magnitude than the first voltage.

10. The method of claim 9 further comprising the steps of:

simultaneously causing a switch from the write mode to
the read mode and a transition of the row address; and délaying
the chétginq of the bit lines to the second voltage with '
respect to the charging of the bit lines to at least the first
voltage.




