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An integrated circuit memory, such as a static random
access memory (SRAM), is generally implemented as an array of
memory cells in a plurality of rows and columns. An array may
be subdivided into blocks of memory cells. The memory cells are
15 addressable through block, row, and column decoders for reading
data from the memory cells or writing data into the memory
celis. Each memory cell has a unique address at an intersection
of a row and a column. The bit line pairs are commonly used for
both reading data from, and writing data into, the memory cell.
20 Typically, data is read from memory when a write enable signal
is at a logic high (or inactive), and written into memory when the
write enable signal is at a logic low, (or active). During a read
cycle, a word line selects the addressed row -of memory cells,
and a pair of complementary bit lines communicate the data bit
25 between the addressed row and a sense amplifier. The data
exists as a relatively small differential voltage on the pair of
complementary bit lines. A sense amplifier detects and
amplifies the differential voltage and communicates it to the
data output stage of the integrated circuit memory via read
30 global data lines.
During a write cycle, a relatlvely large differential signal
is provided on the bit lines in order to over-write the contents of
a selected memory cell. At the end of a write cycle, the
differential voltage remaining on the bit line pair must be
35 reduced to a relatively low level so that the data is not
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10 invalid). TWHAX is essentially the time interval between the
beginning of a read cycle, and the change of the address to select
a different location in the memory array. During that time, write
recovery, or bit line equalization occurs to prevent data from
being overwritten during the following read cycle. The time
15 period for write recovery must be long enough to allow bit line
equalization to occur, but not so long that the read cycle is
unnecessarily delayed. A minimum time of zero is usually given
as the TWHAX timing specification.
If an address changes before the write enable signal
20 becomes a logic high, TWHAX is considered to be 'negative, and bit
line equalization may not be complete before the word line
changes, thus causing a data reliability problem. This problem is
more severe if the address selects a new word line within the
same block as the previous word line, because less time is
25 needed for address changes when they are within a block. For
guard banding purposes, the TWHAX specification must not only
be met, but exceeded. It is desirable that the memory ignore
address changes that occur a few nanoseconds before the write
cycle to read cycle change, because the user may have difficulty
30 ensuring that the address does not change before the write enable
signal changes. These difficulties may arise from the user's own
timing circuitry as well as printed circuit board layout problems.
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10 onto a selected bit line pair. A plurality of memory cells are
coupled to word lines and bit line pairs. Each memory cell
receives data from the bit line pair to which it is coupled, when
the word line to which it is coupled is enabled. A row decoding
portion receives a row address signal and enables a word line in
15 response to the row address. A bit line equalization portion is
coupled to the bit line pairs. The bit line equalization portion
equalizes the voltages on the bit line pairs at the termination of
a write cycle. A circuit is included for preventing the row
address signal from selecting  a different one of said word lines
20 until the write enable signal changes from the first logic state
to the second logic state. These and other features and
advantages will be more clearly understood from the following
detailed description taken in conjunction with the accompanying
drawings.

25
Brief Description of the Drawings

FIG. 1 illustrates in block diagram form an integrated
circuit memory in accordance with the present invention.

30 FIG. 2 illustrates in partial block diagram form and partial
schematic form a portion of the row predecoder of FIG. 1 in
accordance with the present invention.

FIG. 3 shows a timing diagram of various signals of the
memory of FIG. 1 in accordance with the present invention.
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Description of a Preferred Embodiment

10 FIG. 1 illustrates in block diagram form memory 20 in
accordance with the present invention. Memory 20 includes
memory block 22, row select circuitry 38, address buffer 40, row
predecoder 42, block logic 41, column predecoder 43, write
control circuit 44, single-sided delay circuit 45, data 110

15 circuitry 46, write global data lines 47 and read global data lines
50. Memory block 22 includes bit line equalization block 24,
memory array 26, column logic/decoder 28, memory cell 30, word
line 32, and bit line pair 34. Memory block 22 is a representative
memoty block of memory 20 and there may be other memory

20 Dblocks present in memory 20. Memory array 26 includes 128 bit
line pairs and 512 word lines. Memory cells are located at
intersections of word lines and bit line pairs. A representative
memory cell 30 is illustrated in FIG. 1 connected to word line 32

_ and bit line pair 34. Bit line pair 34 includes bit lines 36 and 37.

25 Write global data lines 47 includes a write global data line 48
and a write global data line 49. Read global data lines 50 includes
a read global data line 51 and a read global data line 52.

Write control circuit 44 receives an ECL (emitter-coupled
logic) level external write enable signal labeled "W " and an ECL

30 level external chip select signal labeled “CS". In response,

write control circuit 44 provides a core write signal labeled
"WIC ", an internal chip select signal labeled " CSl ", and

differential internal write signals labeled "WI" and “WI—",

respectively. Single-sided delay circuit 45 receives internal
35 write signals WI and WI and provides a single-sided delay



schefmatic forma portion of the wite control circuit of the menory of FIG
Ll in accordance with the present invention. FIG 5 illustrates in schematic
formthe single-sided delay 5 circuit of the menory of FIG 1 in accordance
with the present invention. Description of a Preferred Enbodi nent 10

FI.G 1 illustrates in block diagramformmenory 20 in accordance with the
present invention. Menory 20 includes mengry bl ock 22, row select circuitry
38, address buffer 40, row predecoder 42,*block |ogic 41, colum predecoder
43, wite control circuit 44, SII’I | e-si ded del ay circuit 45, data 1/0 15
circuitry 46 cqmralesigrwtbalabelaeti EBS av CMOS ee/@onmlemntaay anetales 50.
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Iabeled "ROW ADDRESS", a buffered differential block address

labeled "BLOCK ADDRESS", and a buffered differential column

address labeled "COLUMN ADDRESS". Block logic 41 receives

block address signals BLOCK ADDRESS, core write signal WIC ,

15 and internal chip select signal CSI, and in response provides a

bit line equalization signal labeled "EQ" to bit line equalization
block 24 and a block select signal labeled "BS" to row select 38.
In other embodiments, different numbers of blocks, different
sizes of blocks and different word widths could be used. Block
20 logic 41 will provide block select signals and bit line
equalization signals to the other memory blocks as well.
Row predecoder 42 receives differential row address
signals ROW ADDRESS and single-sided delay control signal WED.
In response, row predecoder 42 provides a plurality of predecoded
25 row address signals labeled "PREDECODED ROW ADDRESS" to row
select 38. Column predecoder 43 receives differential column
address signals COLUMN ADDRESS, and in response provides a
plurality of predecoded column address signals labeled
"PREDECODED COLUMN ADDRESS" to column logic/decoder 28. The
30 particular address signals received by row predecoder 42 and
column predecoder 43 have no special significance and may be
different in other embodiments. Also, the amount of decoding
performed by the row and column predecoders may be different in
other embodiments.
35 In one embodiment, memory block 22 is one of 64 memory
blocks, and the 64 blocks are grouped into four quadrants of 16



wit®e control circuit 44 provides a core wite signal |abeled " WC ", an
jnternal chip select signal |abeled " CSI ", and differential internal
wite signals labeled "W" and "W", respectively. Single-sided del ay
circuit 45 receives internal 35 wite signals W and W and provides a
si:ngl e- si ded del ay 5 control signal |abeled "WED' at CMOS (conpl enentary
net al - oxi de-sem conductor) logic |levels. For ECL applications, VDD is the
systemground with [err] equal to a negatﬁVe power supply voltage,
generally equal to -5.2 5 wvolts. An ECL logic high voltage is equal to
subst ant i al | ybieoksneadk. ofbebatheremaemery dilocks ane tnejeshiowp farrtig and an
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10 representative memory cell 30 is shown coupled to word line 32,
and to bit line pair 34. Bit line equalization block 24 receives
equalization signal EQ from block logic 41, and is coupled to each
of 128 bit line pairs of memory array 26. Block logic 41 provides
block select signals BS to select one of the memory blocks.

15 Column logic/decoder 28 is coupled to each bit line pair,
including representative bit line pair 34, and is coupled to read
global data line pair 50 and write global data line pair 47. During
a write cycle, data 1/O circuit 46 receives single-ended data
labeled "DATA", and provides differential data signals labeled

20 "WGDL"and " WGDL " to write global data lines 48 and 49,

respectively. During a read cycle, data I/O circuit 46 receives
differential data signals labeled "RGDL" and " RGDL " to read

global data lines 51 and 52, respectively, and provides single-
ended data signals DATA. In a preferred embodiment, memory 20
25 is configured with a word width of X1. However, memory 20
could also be configured with a word width of X2, X4, or X8. The
other read global data lines and write global data lines to support
other word widths are not shown for ease of illustration.
For a word width of X1, memory 20 receives 22 address
30 signals, A0 - A21. Address buffer 40 provides column address
signals AO - A3, block address signals A4 - A7, row address
signals A10 - A16, quad address signals A17 and A18 to select
one of the four quadrants, and X1 option address signals A19 -
A21. Fewer address signals are necessary to configure memory
35 20 for other word widths.




si zes of blocks and different word widths could be used. Block 20 logic 41
will provide block select signals and bit |line equalization signals to the
ot her menory bl ocks as well. Row predecoder 42 receives differential row
address signal s ROW ADDRESS and singl e-sided delay control signal VWED. In
response, row predecoder 42 provides a plurality of predecoded 25 row
address signals | abel ed "PREDECODED ROW SS" to row select 38. Columm
predecoder 43 receives differential colu address signals COLUMN ADDRESS,
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signals Wil and W1 and internal ch|p select signal CSl are
10 buffered from write enable 3|gnal ‘W and chip select signal CS

respectively. Block select signal BS is decoded from block
address signals BLOCK ADDRESS and selects memory block 22 of
memory 20. Only one memory block can be selected at a time.
Row predecoder 42 receives a row address decoded from buffered
15 differential row address signals ROW ADDRESS, and provides a
predecoded row address labeled "PREDECODED ROW ADDRESS" to
row select 38, to select one of the 512 word lines, of which word
line 32 is an example. There are 128 memory cells coupled to
each word line. Each memory cell that is coupled to the selected
20 word line provides its output as a differential voltage on a
corresponding bit line pair. Predecoded column address signals
PREDECODED COLUMN ADDRESS are provided to column
logic/decoder 28. For a word width of X1, column logic/decoder
28 selects one bit line pair of the 128 bit line pairs, for example,
25 Dbit line pair 34. When bit line pair 34 is selected, column
logic/decoder 28 then senses and amplifies the relatively small
differential voltage provided to bit line pair 34 by memory cell
30 and couples the selected bit line to read global data line pair
50. Read global data line pair 50 is representative of the eight
30 read global data line pairs in memory 20. Data /O circuit 46
receives a differential signal from read global data line pair 50
corresponding to the differential signal from bit line pair 34, and
provides single ended data signal DATA. The differential voltage
during a read cycle is approximately 300 millivolts.



512 tword lines and 128 bit line pairs. Each nenory cell is coupled to a
word line and a bit line pair. Each bit line pair serves as an input to the
menory cells during the wite cycle of menory 20 and as an out put during
the read cycle. A 10 representative nenory cell 30 is shown coupled to
word line 32, and to bit line pair 34. Bit |ine equalization block 24

recei ves equalization signal EQ fron1b|oc§ |l ogic 41, and is coupled to each
of 128 bit line pairs of nenory array 26.°Block |ogic 41 provides bl ock

sel ect signals BS to select one of the nmenory bl ocks. 15 Col um
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bit line pair. Row predecoder provides a predecoded row address
to row select 38 which selects one of 512 word lines. As in the
read cycle, memory cells located on an enabled word line provide

15 data to bit line pairs. However, a voltage differential driven on
bit line pairs by column logic/decoder 28 is greater than the
drive voltage of the memory cell and overwrites a stored bit in
the memory cell. The differential voltage driven onto the bit line
pairs during the write cycle is approximately 3.0 volts. At the

20 end of a write cycle the differential voltage on the bit line pair
must be reduced to a level small enough so that the data is not
erroneously written into a memory cell during the following read
cycle. Equalization of the bit line pairs is achieved by bit line
equalization block 24. _

25 The write cycle ends in response to write enable signal W

becoming a logic high. The differential voltage on the selected
bit line pair must be equalized before the address changes the
word line. This time period is specified by the TWHAX
specification. The TWHAX time period is illustrated in the timing

30 diagram of FIG. 3. Sometimes, for various reasons, TWHAX is of
insufficient duration to allow bit line equalization before the
word line changes. If the word line changes before bit line
equalization occurs, the data being written during the write
cycle may be written into the selected memory cell during the

35 next read cycle, causing a data reliability problem.



one*of the four quadrants, and X1 option address signals Al9 - A21. Fewer
ggdress signals are necessary to configure nenory 35 20 for other word

dt hs. 7 To read data fromnenory 20, wite control circuit 44 receives
external chip select signal CS as an ECL logic Iow (active), and external
weite enable signal |abeled Was an ECL logic high (inactive). Note that a
bar, or overline, over the signal 5 name indicates that the signal is
active at a logic low In response to reébiving internal wite control
signals W and W, single-sided delay circuit 45 provides singl e-sided

del ay control si gmh MEBided adélayi circait dif iprovides rmagle;»;mlead delayr nal

but  or ed f roRPlfrel eslgﬂa'owgg ThetcuprdeRoREr 42 2 PréVertting® 1
respecti vel yprétiecéded| row address BBm schrngingdbefere bﬂtolmeaddr ess signals
DrOCK ADDRESS (BlizAfbR CbEcHRID Thé dakp gegiééoéiaf%w &drés Vis Rfcligdrr Y

bl ock can be t1me oW p ecoder re ves a, row address

decoded f5 onands the diewspregdegodesh row adgressds Jrsven |5°'ndﬁ%ﬂ?ﬁzEss and
provi des a pP@ﬁ'ﬁP?é&écéGé’r APnaRY Sivghe-Side@RESIRGOBBRtISDEiIGRBREFED 0 T ow

cxanpl e. - ThePECaes ﬁgﬂ;%ei’%ihﬁﬁéd fétr%@ othodiiici “*?' cadEse e,y
cel | that is|stehedeth trow predetederd20 Invothet iembedioventss thesrowt put as a
differential Nvoib80% 40 K latched anywhere between address buffer 40 and
10 row select 38. In determining where to latch the address, the
number of address signals in the memory, the current loading on
each signal path, and the layout of the integrated circuit memory
must be considered. Also, in other embodiments, the column
address may be latched instead of the row address.
15 Single-sided delay control signal WED is active at a logic
high. When write enable signal W changes from a logic high to a

logic low, control signal WED changes from a logic low to a logic
high. When write enable signal W changes from a logic high to a

logic low, single sided delay circuit 45 delays the transition of

20 single-sided delay control signal WED from a logic low to a logic
high. Hence the name, single-sided delay. The circuit that
provides single-sided delay control signal WED is illustrated in
FIG. 4 and will be discussed later. Controlling word line
selection with the write enable signal prevents a new address

25 from rippling through before bit line equalization has occurred,
thus preventing TWHAX failure.

FIG. 2 illustrates in partial block diagram form and partial

schematic form, a row predecoder portion 42a of row predecoder
42 of FIG. 1 in accordance with the present invention. Row

30 predecoder 42 includes a plurality of row predecoder circuits
represented by row predecoder 42a of FIG. 2. In one embodiment,
seven differential address signals are provided by address buffer
40 to row predecoder 42. Twenty-four row predecoder 42a
circuit portions in row predecoder 42 receive these seven

35 differential address signals and provide 24 predecoded row
address signals. '



correspondi ng bit line pair. Predecoded colum address signals PREDECODED
CQLUW ADDRESS are provided to colum | ogic/decoder 28. For a word w dth of
X1, col um | ogi ¢/ decoder 28 selects one bit line pair of the 128 bit line
pairs, for exanple, 25 bit line pair 34. Wen bit line pair 34 is

sel ected, columm | ogic/decoder 28 then senses and anplifies the relatively
smal | differential voltage provided to bit line pair 34 by nenory cell 30
and couples the selected bit line to read %I obal data line pair 50. Read

gl obal data |line pair 50 is representative of the eight 30 read gl obal
data |ine pairs i nRownpredédodenda mbludesuhredﬂnpﬂtNA(ND gatbe fB&r ent i al
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10 channel transistor 62 has a source connected to Vpp, a gate for
receiving an input signal labeled "R2", and a drain connected to
the drain of transistor 61. NPN transistor 63 has a collector
connected to Vpp, a base connected to the drain of transistor 62,
and an emitter connected to a node labeled "N101". N-channel

15 transistor 64 has a drain connected to the drains of transistors
60, 61, and 62, a gate connected to the gate of transistor 60, and
a source. N-channel transistor 65 has a drain connected to the
source of transistor 64, a gate connected to the gate of
transistor 61, and a source. N-channel transistor 66 has a drain

20 connected to the source of transistor 65, a gate connected to the
gate of transistor 62, and a source connected to a negative power
supply voltage terminal labeled "Vgg". N-channel transistor 67
has a drain connected to the emitter of transistor 63 at node
N101, a gate connected to the gate of transistor 64, and a source.

25 N-channel transistor 68 has a drain connected to the source of
transistor 67, a gate connected to the gate of transistor 65, and
a source. N-channel transistor 69 has a drain connected to the
source of transistor 68, a gate connected to the gate of
transistor 66, and a source connected to Vgs.

30  Pass gate 57 includes P-channel transistor 70, N-channel
transistor 71, and inverter 72. P-channel transistor 70 has a
first drain/source terminal connected to the emitter of
transistor 63 at node N101, a second drain/source terminal
connected to a node labeled "N102", and a gate for receiving

35 single-sided control signal WED. N-channel transistor 71 has a
first drain/source terminal connected to the first drain/source



10 *predecoder 43 provides the predecoded col um address to colum
iqglc/decoder 28 which couples a wite global data |line pair to a bit line
pair. Row predecoder provides a predecoded row address to row sel ect 38

whi ch sel ects one of 512 word lines. As in the read cycle, nenory cells

| acated on an enabled word line provide 15 data to bit |ine pairs.

However, a voltage differential driven op bit line pairs by colum
Ioglc/decoder 28 is greater than the drlié vol tage of the nenory cell and
overwites a stored bit in the nenory cell. The differential voltage driven
onto the bit téiminalaof dransistay 70c atrnode NN, ia sgaanskidrain/seuEce® vol t s.

At the 20 |
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causi ng a datgorirddtedi to tthepoutbetterminal of inverter 73, and an emitter
for providing an output signal iabeled "RP0". N-channel
transistor 75 has a drain connected to the base of transistor 74,
a gate connected to the input terminal of inverter 73 at node
15 N102, and a source connected to the emitter of transistor 74. N-
channel transistor 76 has a drain connected to the emitter of
transistor 74, a gate connected to the input terminal of inverter
73 at node N102, and a source connected to Vss. Inverter 77 has
an input terminal connected to the emitter of transistor 74 and
20 an output terminal connected to the input terminal of inverter 73
at node N102.
Row predecoder portion 42a receives three input signals
RO, R1, and R2, and provides output signal RPO to row select 38.
Row predecoder 42a is representative of the plurality of row
25 predecoders in memory 20. The number of row predecoders in
memory 20 is determined by the number of row address signals
and the number of rows in each memory block 22. Input signals
RO, R1, and R2 represent three of the buffered address signals
provided by address buffer 40, and output signal RPO represents
30 one of the predecoded row address signals provided by row
predecoder 42. |
NAND gate 56 is a conventional BICMOS NAND gate and
receives three CMOS logic level input signals RO, R1, and R2,
which correspond to three of buffered row address signals ROW
35 ADDRESS, and in response provides a signal at node N101 as a
logical NAND of input signals RO, R1, and R2. When at least one



9 Si*ngl e-sided delay circuit 45 provides single-sided delay control signal
VED to row predecoder 42 to prevent the predecoded row address from

thangi ng before bit line equalization occurs. The ol d predecoded row
address is latched, 5 and the new predecoded row address is prevented from
| eavi ng row predecoder 42 until single-sided delay control signal WED
becones a logic low. In the preferred enbodi nent, the address is latched in
row predecoder 42. |In other enbodi nents, t%e row address can be | atched
anywher e between address buffer 40 and 10 row select 38. In deternini ng
where to | at cof iriputadlgnws RO R 1) Laviek 1R 2 fis cal dogisslow gmpditsto INAND water y,

i rourt momoraoriae S8l S ApdE N1 18 2 8dig High. By T o8t flRGELN O
address may bsignalsRQ, Ristand BL arscarlogiadigh will the sngnal at ngde- si ded
del ay control NggnBéE %’ﬁiibslow?t 'lHﬁuﬁélgﬁdlé’WY RHQBndVﬁQr‘aM it ‘Clﬂ@é" e

changes 1 fom B develunoereroh NAND, Salrosing diffeio oaié Javelsy

changes from ¢suchoas E(I;gjmtay Belux@d; | ow, single sided delay circuit 45
del ays, the L1 anst 30 16 s Th YR hAS o Bl 88 62Ros ol B2 6T,
t hat provi desaslagm: dowi aedl dhzeaythec)nsmnals iagealogiEmhigh voltagesaatdeast FI G
4 and will ésﬁqu%ﬂahﬂb?rtrar%gidl‘g' 009 628 EoMGuSiieCht 98abt 'dhd e
wite enabl e S| revent new a
10 of serles connected N- channel tran3|stors 64 - 66 is non-
conductive, and at least one of series connected transistors 67 -
69 is non-conductive. Therefore, the base of transistor 63 is
pulled to approximately Vpp, and the logic high voltage at node
N101 is equal to the voltage at the base of transistor 63 minus
15 one base-emitter diode voltage drop (VBg) across transistor 63.
When all of input signals RO, R1, and R2 are logic high voltages,
all of P-channel transistors 60 - 62 are non-conductive and all of
N-channel transistors 64 - 66 are conductive, thus pulling the
base of transistor 63 to Vgg. Transistor 63 is non-conductive, so
20 that the voltage at node N101 is pulled to a logic low voltage of
approximately Vsgg through transistors 67-69.

When pass gate 57 receives single-sided delay control
signal WED as a logic low, (indicating a read cycle), P-channel
transistor 70 is conductive. Inverter 72 receives single-sided

25 delay control signal WED as a logic low voltage and provides a
logic high voltage to N-channel transistor 71, making transistor
71 conductive. When transistors 70 and 71 are switched on, (or
conductive), there is a conductive path between nodes N101 and
N102 making the voltage at node N102 approximately equal to the

30 voltage at node N101. Latch portion 58 receives a signal through
pass gate 57 at node N102 when single-sided delay control signal
WED is a logic low, and provides output signal RPO. |

When pass gate 57 receives sihgle-sided delay control
signal WED as a logic high voltage, (indicating a write cycle), P-

- 35 channel transistor 70 and N-channel transistor 71 are switched
off, (or non-conductive), preventing the voltage level at node



25 Hfromrippling through before bit |ine equalization has occurred, thus
preventing TWHAX failure. FIG 2 illustrates in partial block diagramform
and partial schematic form a row predecoder portion 42a of row predecoder
42 of FIG 1 in accordance with the present invention. Row 30 predecoder
42 includes a plurality of row predecoder circuits represented by row
predecoder 42a of FIG 2. In one enbodi , seven differential address
signals are provided by address buffer 28 to row predecoder 42. Twenty-four

row predecoder 42a circuit portions in row redecoder 42 recei ve these
seven 35 di N2 from being affecied by $h anuogaae alenogdepNd®dcoded row
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N-channel tranS|stor 71 is shown as a low threshold N-

10 channel transistor in the embodiment illustrated in FIG. 2 to
decrease the switching delay of pass gate 57. Low threshold N-
channel transistor 71 has a threshold voltage (VT) of about 0.5
volts. In other embodiments, a normal N-channel transistor may
be substituted for low threshold N-channel transistor 71.

15 If the voltage at node N102 is a logic high, the output of
inverter 73 is a logic low and transistor 74 is switched off, (or
non-conductive). Transistor 75 is conductive and helps to
prevent base-emitter reverse bias of transistor 74. Transistor
76 is conductive, thus reducing the voltage at the emitter of

20 transistor 74 to Vss, so that output signal RPO is a logic low
equal to approximately Vss. Inverter 77 receives a logic low
voltage and reinforces the logic high at node N102. Inverter 77
therefore "latches" the logic level of output signal RPO. Inverter
77 is sized to provide a weak latch so that the logic level

25 maintained by latch portion 58 can be overwritten when pass
gate 57 is conductive, allowing a new address signal to pass.

If the voltage at node N102 is a logic low, the output of
inverter 73 is a logic high and transistor 74 is conductive. Both
transistors 75 and 76 are non-conductive, allowing output signal

30 RPO to be pulled to a logic high. The voltage received by inverter
77 is a logic high, so that a logic low output is provided to node
N102 to provide a weak latch for the logic low voltage at node
N102 that can be overwritten when pass gate 57 is conductive
and allows a new signal to pass.

35 FIG. 3 shows a timing diagram of some of the various
signals of memory 20 of FIG. 1. Note that the time intervals and



the drain of transistor 61. NPN transistor 63 has a collector connected to
VDD, a base connected to the drain of transistor 62, and an emtter
connected to a node | abel ed "N101". N-channel 15 transistor 64 has a drain
connected to the drains of transistors 60, 61, and 62, a gate connected to
the gate of transistor 60, and a source. N-channel transistor 65 has a
drain connected to the source of transistor 64, a gate connected to the
gate of transistor 61, and a source. N-cHehnel transistor 66 has a drain 20
connected to the source of transistor 65, a gate connected to the gate of
transi stor 62ogitmdevelsoillustratedninc . 13 areneghtdrawrpdoescalepahd al:étage

t | |ab
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connected to éb@ré‘ssubﬁﬁngbst éﬁdSWﬁtOVer%leaSlgﬁhﬁ Wnﬂ%ﬁgéb tfeorhhg W@ of
transi stor 65, and a source. N-channel transistor 69 has a drain connected

to the sodr cehigh teansiogiorions, thus;indicatinge the stast ©fica gwrite gyaleansi st or
66, and a souNegge GRSt BthéP dribbdimefts, write afdbleasRynal WCH;%F/‘

P-channel transistor 70, N-channel transi st or 71, and i’nverter
P-channel tr abecemer a7pgiasiow fatrsemer time afterctimectd nkn respapsecid to the
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changes. Single-sided delay control signal WED changes from a
logic low to a logic high at time t1, after a predetermined delay,
in response to write enable signal W changing from a logic high

to a logic low. At time t1, single-sided delay control signal WED
‘15 causes the predecoded row address to be latched. The length of
the predetermined delay is long enough to ensure that there is a
valid predecoded row address before the predecoded row address
is latched.
The time interval between the address changing at time t2
20 and write enable signal W becoming a logic high is known as the

TWHAX specification. Normally write enable signal ‘W becomes

inactive at the same time as, or before the address changes, in
which case TWHAX is zero. In the case illustrated by FIG. 3,
TWHAX is negative, i.e., write enable signal W becomes inactive

25 after the address changes. I[f this occurs, bit line equalization
- may not be concluded before the word line changes, causing data
to be written into the memory cell selected by the new word line,
thus destroying the data. In the preferred embodiment, the row
address is latched in row predecoder 42. This prevents the word
30 line (WL) from changing until after time t3, when single-sided
delay control signal WED transitions to a logic low. This ensures
that bit line (BL) equalization always occurs before the word line
changes.
FIG. 4 illustrates in partial schematic diagram form and
35 partial block diagram form a portion of write control circuit 44



ternminal of transistor 70 at node N10l1, a second drain/source term nal
connected to the second drain/source termnal of transistor 70 at node
N102, and a gate. Inverter 72 has an input term nal connected to the gate
of transistor 70 and an output 5 term nal connected to the gate of

transi stor 71. Latch portion 58 includes inverters 73 and 77, NPN

transi stor 74, and N-channel transistor 7ﬁ and 76. Inverter 73 has an i nput
term nal connected to the second drain/so ?ce termnal of transistor 70 at
node N102 and an output termunal., 10 NPN transistor, 74 has a.collector
connected to ,e'&‘%s%(s&fmﬁét el 1R agerrdanceuwithe the resent iinventien. 73,

and an eni tt7 ewhriter cbh@dldbilﬂmi&rmbdhbh.id&BEGL loyiflgalte" RN . Attditisidle!
o T Rai, 15 BB A8 POBOESEcbli 48" bRRdd 2,92 ¢
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the fnput o er SERER" 37T o bl e it Sticwe i FIoA™" CL bl it HEIEETL S, L0
[err]. I|nverteonvéntiesalaECLnpogict gate ramd includes adsistors@teainia 82, MIPN
veror 73 araNSisaOre 5. Hab and B 301 ARACNEGha ol frardtors B8] 1E,,
signals RO RandniiOR2; M ResistaeDbihgsua firghternsipel teonnacted| tacta 38. Row
herory 20, #ﬁ?ﬁﬁ‘*ﬁ%?&?gﬁé RagRe tetriri] fbefid Vbel arkd & C0%hy the.
nunber ofl® O\Apmnastgrg\uaﬂapg nected fo a nodemi‘abeled2 N183""" Besistor sl))ﬁ/

has a first terminal connected to Vpp and a second terminal

connected to a node labeled "N104". NPN transistor 93 has a

collector connected to the second terminal of resistor 91 at node

N103, a base, and an emitter. NPN transistor 94 has a collector

15 connected to the second terminal of resistor 92 at node N104, a

base, and an emitter connected to the emitter of transistor 93.

N- channel transistor 95 has a drain connected to the emitters of

transistors 93 and 94, a gate for receiving a bias voltage labeled

"NBias", and a source connected to a negative power supply

20 voltage terminal labeled "Vgs". NPN transistor 96 has a collector
connected to Vpp, a base for receiving external write enable
signal W, and an emitter. NPN transistor 97 has a collector

connected to Vpp, a base for receiving external chip select signal
CS, and an emitter connected to the base of transistor 93. N-

25 channel transistor 102 has a drain connected to the emitter of
transistor 96, a gate for receiving NBjas, and a source connected
to Vgss. NPN transistor 98 has a collector connected to the second
terminal of resistor 91 at node N103, a base connected to the
emitter of transistor 96, and an emitter connected to the

30 emitters of transistors 93 and 94. N-channel transistor 103 has
a drain connected to the emitter of transistor 97, a gate for
receiving bias voltage Npjas, and a source connected to Vgs. NPN
transistor 99 has a collector connected to Vpp, a base for.
receiving a reference voltage labeled "VREF", and an emitter

35 connected to the base of transistor 94. N-channel transistor 104
has a drain connected to the emitter of transistor 99, a gate for



and t he nunber of rows in each nenory block 22. Input signals RO Rl, and
R2 represent three of the buffered address signals provided by address
buffer 40, and output signal RPO represents 30 one of the predecoded row
address signals provided by row predecoder 42. NAND gate 56 is a
cenventional BI CMOS NAND gate and receives three CMOS | ogic | evel input
signals RO, Rl, and R2, which correspond1 three of buffered row address
signals ROWN 35 ADDRESS, and in response 6$OVIdeS a signal at node N101 as
a logical NAND of input signals RO, Rl, and R2. \Wen at |east one 1 2 of
i nputsi gnal Jereiving biasvatage Nainsgiahd a\squipatcannecieg tga¥ssseNPMe

si gnal at noqﬁaﬁ&%ﬂ 100 hasi & dolBbtoPtonndctéd It °°%gbd3p“tb§$g% é%{ o

and R2 are a Jogic h wll e Si at, no 0ogi Cc I nput
lanai s Ro, "o, e colbeipt of, bansistdr varar Rode N1GR.808, anoRRer gar o
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transi stors Cf?r @%Sﬂﬁﬁén%ﬁscgaﬁgé '\i\ﬁﬁ@fherefagrggﬁﬁi{éhg6 ﬁ@Efé?ﬂ ra%gl stor 63

is pulled to MBN r??d?"@lry a%ﬁdcf’ﬂecl%g‘i"%m?ﬁféﬁ vig VR 8tbasee
connected to the collector of transistor 94 at node N104, and an

10 emitter connected to a node labeled "N106" for providing an
internal write signal labeled " WI". N-channel transistor 106 has

a drain connected to the emitter of transistor 101 at node N106,

a gate for receiving bias voltage Npjas, and a source connected to

Vss. The operation of ECL logic gate 90 will be described later in
15 the discussion of FIG. 5.

FIG. 5 illustrates in schematic form single-sided delay
circuit 45 of the memory of FIG. 1 in accordance with the present
invention. Single-sided delay circuit 45 includes level converter
123, low power level converter 121, delay stage 128, and output

20 stage 145. Level converter 123 includes P-channel transistors
124 and 125 and N-channel transistors 126 and 127. P-channel
transistor 124 has a source connected to Vpp, a gate for
receiving internal write signal WI, and a drain. P-channel
transistor 125 has a source connected to Vpp, a gate for

25 receiving internal write signal WI, and a drain. N-channel

fransistor 126 has a drain and a gate connected to the drain of

transistor 124, and a source connected to Vgs. N-channel

transistor 127 has a drain connected to the drain of transistor

125, a gate connected to the drain of transistor 124, and a source
30 connected to Vss.

Delay stage 128 includes inverters 129 - 135, P-channel
transistors 136 and 137, and N-channel transistors 138 and 139.
Transistors 136 - 139 form NOR gate 122. Inverters 129 - 135
are connected in series with the input terminal of inverter 129

35 connected to the drain of transistor 125. The output of inverter
' 129 is connected to the input of inverter 130, and so forth. P-



N101%is equal to the voltage at the base of transistor 63 mnus 15 one
base-em tter diode voltage drop (VBE) across transistor 63. Wen all of

i nput signals RO, RlL, and R2 are logic high voltages, all of P-channel
transistors 60 - 62 are non-conductive and all of N-channel transistors 64
- 66 are conductive, thus pulling the base of transistor 63 to [err].
Transi stor 63 i s non-conductive, so 20 that the voltage at node N10O1l is
pulled to a logic | ow voltage of approxiﬁﬁ?ely [err] through transistors
67-69. When pass gate 57 receives single-sided delay control signal WED as
a logic |ow, cﬁhanhelatranglaor €86 has a) sofrceh@onekecteditel Vhyy, & @ate

aea Logic 1| peeiadt tol B8 B O Wafightor 125 1) T ARk nal IftRRhal"™
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t ched b d
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i\é\n tched off, |(a|n oP r%racnosrfs or !Ifﬁ) ‘a ga t\e/e&t)r'm tteraeto Ot'ht a%%té oF | at node
10 transistor 137, and a source connected to Vss.
Low power level converter 121 includes P-channel

transistors 141, 142, and 145 and N-channel transistors 143,
144, and 146. P-channel transistor 1456 has a source connected
to Vpp, a gate for receiving single-sided delay control signal

15 WED, and a drain. P-channel transistor 141 has a source
connected to the drain of transistor 145, a gate. for receiving
internal write signal WI, and a drain. P-channel transistor 142

has a source connected to Vpp, a gate for receiving internal write
signal WI, and a drain. N-channel transistor 143 has a drain and a
20 gate connected to the drain of transistor 141, and a source
connected to Vss. N-channel transistor 144 has a drain connected
to the drain of transistor 142, a gate connected to the drain of
transistor 141, and a source connected to Vgss. N-channel
transistor 146 has a first drain/source terminal connected to the
25 drain of transistor 141, a gate connected to the gate of
transistor 145 for receiving single-sided delay control signal
WED, and a second drain/source terminal connected to the drain
of transistor 142.
Output stage 145 includes NPN transistors 140 and 147, P-
30 channel transistor 148, and N-channel transistors 149 and 150.
NPN transistor 140 has a collector connected to Vpp, a base
connected to the drain of transistor 137, and an emitter for
providing single-sided delay control signal WED. NPN transistor
147 has a collector connected to the emitter of transistor 140, a
35 base, and an emitter connected to Vgg. P-channel transistor 148
has a source connected to the base of transistor 140, a gate

[<D -




N10Z from being affected by the voltage at node N10l1. Therefore, pass gate
S5 effectively decouples row predecoder 42a fromrow sel ect 38. Latch
portion 58 holds output signal RPO at '‘a logic |evel corresponding to the

|l ogic | evel before 5 single-sided delay control signal WED becanme a | ogic
hitgh. Latch portion 58 holds the logic |evel of output signal RPO until
singl e- sided delay control signal WED becones a logic |ow, thus causing a
conductive path to form between nodes N1d8 and N102. N-channel transi stor
71 is shown as a low threshold N 10 channel transistor in the enbodi nent
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| ow and trans‘i stor /4 is swtched o or E?B?C'm uctive stor 75

i s conduc®i veldfd Nerhanpel Hrangistor ain.gepgecigd io (r)tgréts béﬁgi st or

74. Transi st osf fansistopPNUK;t a\gatet bUﬁnécw@l@w&Bf!and Bageurde the emtter
of 20 transugéor 14 tt% ss, SO that output signal RPOis a |logic | ow equal

t o approxi mat ’y‘?"éﬁﬁ] f¥erter 77 receives a | ogi ¢ | ow vol tage and

rei nforces the | ogReférrigiy agairnde EOL logicvgates 907 of tF&.efpiransistorees” t he
| ogi c | evel 0 u | 0. L [ | ; Poyy weak

| atch so tha?é ? hghpogf’? ?g@tl BﬁSenl‘rr@éﬁtfg?%e bi/ﬁl_?l?t ?ﬁ%%?t%%&g?géﬁ be
overw it tlén viRénvpliagegeaceivediat thehase of transisigmg8athonea¥e®ss si gnal

to pass. |f tipprekimatelpt 0 dlts)OBeldw athe Uditdgyvoft WriteUbheble
signal W. Transistors 97 and 103 form another emitter-

follower input circuit which drops the voltage received at the
base of transistor 93 to one Vgg below chip enable signal CS. A

15 differential amplifier is formed by resistors 91 and 92,
transistors 93 and 94, and transistor 95. A reference voltage
VREF is received at the base of transistor 99 which drops
reference voltage VREF one Vg before it is provided to the base
of transistor 94. The collector of transistor 93 provides a

20 logical NOR output signal at node N103 of write enable signal W

and chip select signal CS. The collector of transistor 94

provides a logical OR output signal at node N104 of write enable
signal W and chip select signal CS. Reference voltage VREF is

chosen so the voltage received by the base of transistor 94 is at
~ 25 the midpoint of the logic swings of write enable signal W and

chip select signal CS. Transistors 100 and 105 form an

emitter-follower output portion which is connected to the
collector of transistor 93 at node N103. Transistors 101 and 106
form an emitter-follower output portion which is connected to

30 the collector of transistor 94 at node N104. Internal write
signals Wl and WI are complementary internal logic signals and

are provided at intermediate, or analog, logic levels. _
During a read cycle of memory 20, ECL logic gate 90
receives ECL level write enable signal W as a logic high and chip



invefter 73 is a logic high and transistor 74 is conductive. Both
transistors 75 and 76 are non-conductive, allow ng output signal 30 RPO to
be pulled to a logic high. The voltage received by inverter 77 is a logic
high, so that a logic |low output is provided to node N102 to provi de a weak
| at ch for the logic | ow voltage at node N102 that can be overwitten when

pass gate 57 is conductive and allows a nqﬁlsignal to pass. 35 FIG 3
shows a tim ng diagram of sonme of the vari Qus signals of nmenory 20 of FIG
1. Note that the tine intervals and 1 4 1logic levels illustrated in FIG

3 are not drayélelce Sighat TS a&eaoRigic I16WeNIPGriststo? POB SiENhohbEoISAIARS €

and rel ationship of some of the S|gnaLs during a wite cycle of nenory 20.
At tinme t0, t@aRdatransistior 8 dgsscandugtivee nagiirseat ghrough clrangistor a

| ogi ¢ 5 high §gsj Ha@é&cabomst,t@%téél@ocﬂﬁﬂ H hfarsisior 98 So Vthakt etk c! e

Note that in othé&r enbodine wite enabl & sjgpal Wna nme a | ogic
|l ow at sorme tYOHAGE t"’g?n?ﬂ '333 Shefuahin ?Q'G?Méfﬂﬂad% og%gi Hy!"Ughe

KI redec fﬁedi r olysBigly,entherbaRgeds afhecresistancd iofetesistor 91pr ?ﬂ@ﬁl{dll@g@e' ay.
SO, e WwWor | g n (0] er
pr edecoded r o h&@?ew‘%ﬁ%g%gga% ﬁ&r{égéﬁ%&?@%ﬁ%@ gﬂﬂ?ﬁ&‘? i‘?BnaFﬁ'ﬁfﬂal
changes fromwritegignabW dsaal logic lowyivoliage equal toatherveltagedadt er ni ned
delay, in res I+ I [ ' o] LWathigh to a
ool 1w, SO ik CORD Mo, A6 hEHRMCE I E i

write signal is a logic high voltage equal to the voltage at

10 node N104 minus one VBg across transistor 101.
Single-sided delay circuit 45 provides single-sided delay
control signal WED at a CMOS level logic high voltage in response
to write enable signal W and chip select signal CS both being

at ECL logic low voltageé (indicating a write cycle). When write
15 enable signal W is an ECL logic high voltage and chip select

signal CS is a ECL logic low voltage (indicating a read cycle),

single-sided delay control signal WED is provided at a CMOS level
logic low voltage. - When write enable signal W transitions from

a logic high to a logic low voltage, single-sided delay control
20 " signal WED transitions from a logic low to a logic high after a
built-in delay provided by delay stage 128. When write enable
signal W transitions from a logic low to a logic high voltage,

single-sided delay control signal WED transitions from a logic
high voltage to a logic low voltage without a delay being provided
25 by delay stage 128. Switching times are improved because
~ intermediate logic levels from ECL logic gate 90 are used instead
of full CMOS logic levels. An intermediate level logic high is
equal to approximately -0.8 volts and an intermediate level logic
low is equal to approximately -2.4 volts when Vpp is equal to
30 zero volts and Vgg is equal to about -5.2 volts.
During a read cycle, (write enable signal W is an ECL logic

high), internal write signal WI is an intermediate level logic low
and internal write signal WI is an intermediate level logic high.

In level converter 123, transistor 124 is conductive and



15 ‘tauses the predecoded row address to be latched. The length of the
predeterm ned delay is |ong enough to ensure that there is a valid
predecoded row address before the predecoded row address is | atched. The
bet ween the address changing at tine t2 20 and wite enable
si'gnal W becomng a logic high is known as the TWHAX specification.

time interval

Normal ly writ

e enabl e signal Wbecones i tive at the sane tine as, or

before the address changes, in which case TWHAX is zero. In the case

illustrated by FI G

tive, nabl e si al w

I S ne e
becones i nact §gs&g§or a?? r 1St ﬁ@%ﬁ@gah‘gt'\fﬂang-§§"sl'$t ?geo&lﬁ‘%ﬂ tiva.i ne

equal i zation
data to be w
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transitions t
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wite cont roI

aal fter dxﬁﬁatewrv . blrﬁ/élfteisagzmsswdp@rawréﬂ | of
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present inven Ci)frﬁ‘wa&t@g'@o’ﬁ%§ %’i‘ﬁ'ﬁtqfﬁ f#g%s Po PE gate 90.

Addi ti onal ciconductives trarrsmmfdmﬂ V8 i canductiveyl thus o'enduomgtmqor ovi de
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30

voltage at the base of bipolar pull-up transistor 140 toVss,
causing transistor 140 to be non-conductive. Single-sided delay
control signal WED is therefore provided at the emitter of

transistor 140 as a logic low.

At the same time, low power level converter 121 receives
internal write signals WI and WI at the gates of transistors 142

and 141, respectively. Transistor 142 is conductive and
transistor 141 is non-conductive. Transistors 143 and 144 are
non-conductive, preventing any current flow between the power
supply voltage terminals Vpp and Vgs. Transistor 145 receives a
logic low single-sided delay control signal WED and is
conductive. Transistor 146 is therefore non-conductive.
Transistors 149 and 150 are conductive, causing bipolar
transistor 147 to be conductive, thus pulling single-sided delay
control signal WED to a logic low .

To begin a write cycle of memory 20, write enable signal W

and chip select signal CS are changed to logic low voltages.

Therefore, transistors 93 and 98 are non-conductive, and
transistor 94 is conductive, so that current lgs is steered
through transistor 94. The voltage at node N103 is a logic high
voltage equal to approximately Vpp, and the voltage at node N104
is a logic low voltage equal to approximately Vpp minus IgsRoz2,
where Rg2 represents the resistance of resistor 92. Internal
write signal WI is a logic high voltage equal to the voltage at
node N103 minus one Vg across transistor 100, and internal

t hus

equa |zat|on

al

he



intérnal core wite signal \X\TQQWC) and internal chip select 5 signal
CSl, but is not shown in FIG 4. ECL logic gate 90 is a conventional ECL
Ioglc gate and includes resistors 91 and 92, NPN transistors 93, 94, and 96
- 101, and N-channel transistors 95 and 102 - 106. Resistor 91 has a first
term nal connected to a positive power supply voltage term nal | abel ed
"VDD' and a 10 second term nal connect eg to a node | abel ed "N103".

Resi stor 92 has a first terminal connect€d to VDD and a second terninal
connected to a node | abeled "N104". NPN transistor 93 has a coll ector

connected towvrite sigaall Wi nisnal Ificiow YoMage! eauanagetd Yaitagebase, and

an emtter. NPN transi stor 94 has a collector 15 connected to the second
termnal of n@desMNbi0bminusnone MpesacrosmdransisioratObnitter connected to

the emtter of troyahsistor 95324'\‘is Cﬁtfﬁlﬂéhdhbﬁ%' ﬁh@r tl%'-:néiéfbraﬁsa'lé‘

connected to the emtter trans ors or r.eceiving a

bi as vol t age CORSMICENE; o nsgﬂgr% c@f@d'?ehom) '&'TTGSHFJPFHVQO%r
supply 205 vehabgdheterisi nol DGilsireent WlngNﬂfﬂoughnﬁe\mlocoﬁﬁehes 23,

SPgnal W andiafeerbigtor13a IS moiogeiiEtel SwBNSEE, 138, I, A8Boy o
VDD, - at bgs;aomn conductive. ek dogiel high woﬁagecapcpr@ﬂmatew equal ?lm Mpmt ﬁ; ..
drain connect egﬁ&ﬁ‘?ﬁd% 1he Thnt o6t iverlder ¥20,CAR) Y 166H0a Gendde T
[err], and alSderovid OU@‘EtePf]mVﬂmrt?@ﬁsl irapsiston 436, i8ol | ect or
connect edpt o ddmlﬁﬁ%n@ﬂcpﬁmﬂﬁétd?f 13?Si§fd§la alﬁed?@ﬂlm 1@@nd@cth?§€for

connected to %he emt* @a |sto lﬁg g&ﬁ [ N te connect ed. to t he
30 enitters MP}% @ QUPWE AL NE q gin 1¢emprising

inverters 129 - 135 to change states. A conductlve path is
created between Vpp and the base of transistor 140 when both
transistors 136 and 137 become conductive, causing bipolar

15 transistor 140 to be biased into conduction. Transistor 141 of
low power level converter 121 is conductive and transistor 142
is non-conductive. Since single-sided delay control signal WED is
a logic high, transistor 146 is conductive, causing transistors
143 and 144 to be conductive. The gate of transistor 149 is

20 pulled to approximately Vsg, making transistor 149 substantially
non-conductive. Transistor 145 is non-conductive, preventing a
conductive path from being created between Vpp and Vss.
Therefore, no DC current is allowed to flow in low power level
converter 121. Since transistor 149 is non-conductive, bipolar

25 transistor 147 is also non-conductive, allowing single-sided
delay control sighal WED to be pulled to approximately Vpp.
Series connected CMOS inverters 127 - 135 delay transistor 137
from becoming conductive for approximately 4 nanoseconds. The
length of the delay can be easily controlled by increasing or

30 decreasing the number of inverters in the inverter chain.

When transitioning from a write cycle to a read cycle,
single-sided delay control signal WED transitions from 1 a logic
high to a logic low in response to write enable signal W
transitioning from a logic low to a logic high. No delay is desired

35 when single-sided delay control signal WED transitions from a
logic high to a logic low for the write to read transition. Going



a drain connected to the enmitter of transistor 97, a gate for receiving
bias voltage NBIAS, and a source connected to [err]. NPN transistor 99 has
a collector connected to VDD, a base for receiving a reference voltage

| abel ed "VREF", and an emtter 35 connected to the base of transistor 94.
N-thannel transistor 104 has a drain connected to the emtter of transistor
99, a gate for 1 6 receiving bias volg?ge NBI AS, and a source connected
to [err]. NPN transistor 100 has a colle r connected to VDD, a base
connected to the collector of transistor 93 at node N103, and an emtter
connect ed to itRo8ereadesyele; Nramsistasr 186obegpmesamancondugtive wite

signal | a]?el eﬁnH@diaté‘fXCaﬁanQ}aﬁgigﬁﬁ-i B8" b&érﬁ?{g Gorfd@étiveeonnect ed ][O the
Cerr] . and a UBitediatelindbiisareduioins, e Netage sl $he,bass Shdraheisiareot or
connected to 40rio VgghasFranyistert t40 tisecdmes ohomesrductive, randi cutput 94 at
provi ding Bn FHER 25 FREESHHRICSHAGE, delaf ptfor RERRTWED 18,0678 o 106
Pas a drain ctnbgieclmu voltag:l.em'stte:] of trapsi stor 101 at node N1061|'h2 gate
oper o of gL Ag St 108 anf{o8, B4 R etes V. Gy
di scussi on of bpfauseg. inteemediate| \agic Jewels framankfd: 1edic.gate; iy atesi ded
delay circuitydedof Usiagmiitemediatdliégicl lavelscreaiudeac theviprophgatiohesent
10 delay encountered when full CMOS levels are used. But
transistors 137 and 139 change states slowly because of series
connected inverters 129 - 135. The base of transistor 140
cannot be charged to Vpp until a logic low is provided at the
output terminal of inverter 135. To discharge the base of
15 ftransistor 140, transistor 138 switches on (becomes conductive)
very quickly because the gate of transistor 138 is connected to
the drain of transistor 124, and thus avoids the delay caused by
series connected inverters 129 - 135.
Transistors 136 - 139 are connected to form CMOS two-
20 input NOR gate 122. NOR gate 122 can operate at the
intermediate logic level of signals WI and WI. NOR gate 122

functions like a conventional NOR gate, except that the gate of
transistor 138 is connected to the gates of transistors 126 and
127. If NOR gate 122 were a conventional NOR gate, the gate of

25 transistor 138 would be connected to the gate of transistor 136.
When internal write signal WI is a logic low, P-channel

transistor 136 will become conductive, but the logic low is not
low enough to make an N-channel transistor non-conductive.
Therefore, the gate of transistor 138 is coupled to the gates of
30 transistors 126 and 127, so that a voltage is provided to the gate
of transistor 138 that will make transistor 138 non-conductive
when transistor 136 is conductive.
Level converters 123 and 121 are interchangeable in most
applications, however a draw back of low power level converter
35 121 is that it requires more area on the integrated circuit. In the
preferred embodiment, low power level converter 121 is used



i nvefiti on. Single-sided delay circuit 45 includes |evel converter 123, |ow
- power |evel converter 121, delay stage 128, and output 20 stage 145. Level
converter 123 includes P-channel transistors 124 and 125 and N-channel
transistors 126 and 127. P-channel transistor 124 has a source connected to
VDD, a gate for receiving internal wite signal W, and a drain. P-channel
transi stor 125 has a source connected to !ﬁrr], a gate for 25 receiving

. internal wite signal W, and a drain. annel transistor 126 has a drain
~and a gate connected to the drain of transistor 124, and a source connected
to [err]. N cwithnal congentiohal |1€2€l convertéral 83ctonredued the tgewdr ai n of

transistor 1 n _&a tih i s tiansist orn1R4, and a
~ source 30 cgﬁ%%glf‘@?&@yfae}r ?ﬁ@%eﬁ'gghs?gﬁjlgéa‘:;%c{%’d?séi %@érﬁérs 129 -
' 135, P-channesomexvhals spager efficiant.13in ctherneahostiments.atwpsiaw spev@rand

- 139. Transi st @] lsbhverierd ﬁgﬁrrbM%aau_seaZ?urth_aV%H%ﬁqg}&He- Eé%rare
connected jn series wth the.lri ut. t(salr al, i hverter 129 3 connect ed
UBSE?

of
to the dra& n SPNSYMBtian Hf Sing € ofIredlefPer 129 is connected to
the i nput of inverWhilel3Re imaventionf hashbeéh described livarthel contextiof @ 136

125 Zn3°?2?eré@2§®%¢a§iﬁﬁe¥ﬁﬁﬁn€w il g8 bgterks 19 JoHE! iied i e
transi st or 13arihthatathe presenbrinventiant: mayhbedmodified in aumeraus Mays a
gate connecteghd may assume many embodiments other than that specifically
10 set out and described above. For example, other types of
reference and bias voltage circuits may be substituted for those
illustrated. Also, row address latching may be accomplished in a
location other than the row predecoder. In addition, a different
method for latching the predecoded row address signal may be
15 used. Furthermore, delay stage 128 may be implimented using a
series of ECL stages ahead of level converters 121 and 123.
Accordingly, it is intended by the appended claims to cover all
modifications of the invention which fall within the true spirit
and scope of the invention.



51t0 the%l%, and a drain. N-channel transistor 138 has
a.Jdrain connected to in of transistor 137, a gate connected to the

drain of catEl-Ia.éJBee,ir ela and a source connected to [err]. N-channel
t ransi stor off connect ed to the drain of transistor 137, a gate
connected transistor 137, and a source connected to

[err]. Low povver onverter 121 includes P-changed—t+eans ,
142, and 145 and N-channel transi stors 13 144, and |45 SHE FM@EW

transi stor 145 has a source connected to VDD a gate|for rB
singl e-si ded del ay control signal 15 \HEimEd a draimm P—cnannel
transi stor 141 has a source connected to the drain of transistor 145, a
gate for receivi nternal wite signal W , and a drain. P-channel

transi stor 149/ ehzgaﬁn%ource connected to VDD, a gate for receiving internal
wite signal VW, and a drain. N-channel transistor 143 has a drain and a 20
gat e connecte transi stor géta source conn cted to

01 N ehartrel CiARCinteBited, el ediork ") Bevh & Ffite WS of
transi stor 142, a ipdicatednbycaewrite ehabldr signaif berregnsnsaoflrsmlngland a

source connect od tagke! by WHBHATGENS, 5% Sdectdp rimdry! bEA o) via ..
connected to the gatselectad zhi%iIBBoPaMGM)oramb@elfeaﬂgcﬂﬂﬁgIledlféia@dl Rl ay
Grai n of -Cransi ot o e SRABIE SAANLEMY 1R, B eSO I8 L, 19t 40 - and
147 "p"" 30’ “channeleadiag <At pravige mtwmﬁ{ﬁefeq Bit s ol (3B and 100
NPN transistor 140comprésing:! ector connected to VDD, a base
a plurality of memory cells (26) coupled to word lines
(32) and bit line pairs (34), each memory cell
10 (30) for receiving data from the bit line pair
(34) to which it is coupled, when the word line
(32) to which it is coupled is enabled,;
row decoding means (38, 42) for receiving a row
address signal and for selecting one of said
15 word lines (32) in response to said row address;
bit line equalization means (24), coupled to the bit
line pairs (34), for equalizing the voltages on
the bit line pairs (34) at the termination of a
write cycle; and
20 preventing means (45), coupled to sald row decoding .
means (42), for preventing said row decoding
means (42) from selecting a different one of
said word lines (32) until said write enable
signal changes from said first logic state to
25 said second logic state.

2. The memory (20) of claim 1, further comprising control
means (45) for making a first control signal active a first
predetermined delay after said write enable signal

30 transitions from said second logic state to said first logic
state, said control means (45) making said first control
signhal inactive after a second predetermined delay, said

(e




connected to the drain of transi stor 137, and an enmitter for providing

si.ngl e- si ded‘hidshe%M-Ids‘;Qggﬂr gnal VED. NPN transistor 147 has a collector
connect ed to ransi stor 140, a 35 base, and an emtter
connect ed to ,ﬂ transi stor 148 has a source connected to the

base of tran5| ate 1 8 connected to %Gﬁ"tﬁ% SHEW@SOBE%D

connected to the emtter of transistor é N- channgl has a
drain connected to the emtter of transi 140, algate. ccl-ed—t-0! t he
drain of transistor 142, and a source connect ed to the base of transistor 5
147. N-channel trwmérpmtaanirwdjmmycbam&@ tthanhsaich irsbf

transi stor 147, 'glqu%tgg;ﬁm@aege}%‘vm, and a source connected to [err].
Referring again to ECL logic gate 90 of FIG 4, transistors 96 and 102 form

an emtter-follower input circuit which drops 10 the voltage received at
the base of t3anSIAh0Int3§ratEd3rc?rd¢EErﬁenw x{20)% ¢iam@%8avwrit6)c bOW the

vol tage of. wite en nal Tr ans 3 f nat her
emitter- Pollower } ceéateg ?’é’u?‘t V‘(m?cﬁnﬁ éﬂ% \;%néi 8 Pe@é&v I8t the
base of transistorsiate; doorwritiBg data)wnwn:p selected sngmoryCeellA(36) via

differential anpl 'égﬁélek&cj %{nﬁﬂeb af,ﬁp@é %1 raad 8& Véaﬁa?qiﬁar%(yi% and

94, and transistor ef'erence" vol i'S rec se of
transistor 99 whi ctheiwiile espblerignabbeing nrarsesenddedierstate, fon s

provided to the bagmding data provided onto a selected bit line pair (34),
10. comprising:
| a plurality of memory cells (26) coupled to word lines
(32) and bit line pairs (34), each memory cell
(30) for receiving data from the bit line pair
(34) to which it is coupled, when the word line
15 (32) to which it is coupled is enabled;

a row address predecoder (42) for receiving a row
address signal and in response providing
predecoded row address signals;

a row selector (38) coupled to said row address

20 predecoder (42) for receiving said predecoded
row address signals, for performing a word line
selection, and for changing such word line
selection in response to a change in said row
address signal;

25 bit line equalization means (24), coupled to the bit
line pairs (34), for equalizing the voltages on
the bit line pairs (34) at the termination of a
write cycle;

decoupling means (57), for decoupling said row

30 address predecoder (42) from said row selector
(38) when said write enable signal is in said
first logic state; and

latching means (58), for retaining said word line
selection until after said write enable signal

35 _ switches to said second logic state.
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of fransistor 94. The collector of transistor 93 provides a 20 |ogical NOR
oyt put si gnal TkéstShmHesBéi:ﬂBeﬁf:edei te enabl e signal Wand chip sel ect signal

CS. The col | ec ‘or 94 provides a |logical OR output sighal at
node N104 of :

nal Wand chip sel ect| Toi0SREETRASFBERN Ence
voel tage VREF is chosen so e voltage received by}the @EDt rans| stor 94

is at 25 the midpoint of the logic swin of wri f and
chip select signal CS. Transistors 100 a 105 forman enmitter-foll ower

out put portion which is connected to the collector of transistor 93 at node
N103. Transi sdors The mamoens (26) noticlaim t 3., furtber wempuisingitcgrdroli on whi ch
s connect ed 10 30mdalis §45) Fok Ofeking '@ itst! eonfifl Higharacid!a ke nal
wite signals W an re’c ementary i nternal logic signals and are
provided at inter nem%ﬁtermme&%l@y, afteyi saldbwiite enghlggsignalad cycl e of
Irrermryh_ZO, EC; Iﬁgaransmferfwclsmctgai@%&%nl d dogic vgtate o ddi¢ firstnidgid’ a33a
ogi ¢ high and chi g sel ect, signa as_a_| ogi.c |l ow .Transistor

IS non- co%duct ive %ﬁ&et rszﬂgi g%frObgnggngoﬁquﬁgV@%lOﬁfgat r‘?\ﬁﬂt;[?'hﬂﬂlw

. transistor 95, desingetivedafter 1®sedondstpredeterminedgdetaynsaict secedso t hat
t he voltage at no | Opd: h&eal :age.af VDD m nus 5
[err], where [errﬁﬁ%égﬂn&%@sﬁ%ﬁ&ebgﬁqﬂgggtgir,érg%é@hgré\?ol tage at node
N104 is a | ogi c hipredeippminedadelay.equal to [err]. Internal wite signal
W is alogic | ow voltage equal to the voltage at

10 5. The memory (20) of claim 4, wherein said decoupling means
(57) is further characterized as decoupling said row
address predecoder (42) from said row selector (38) in
response to said first control signal being active.

15 6. The memory (20) of claim 5, wherein said decoupling means
(57) comprises:

a first transistor (70) having a first current
electrode coupled to said output of said row
address predecoder (56), a second current

20 electrode coupled to said row selector (58), and
| a control electrode for receiving said first
control signal;

an inverter (72) having an input terminal for receiving
said first control signal and an output terminal;

25 and

a second transistor (71) having a first current
electrode -coupled to said output of said row
address predecoder (56), a second current '
electrode coupled to said row selector (58), and

30 a control electrode coupled to said output of
said inverter (72).
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nodé* N103 minus one VBE across transistor 100, and internal wite signal W

Ls alogic hlqgkgsy&{lti@me edt 0 the voltage at 10 node N104 m nus one VBE
acr oss tran5|5} e sided delay circuit 45 prOV|des single.si ded

del ay control a CMOS | evel |ogic high V@ mETMNSeBEEime to
write enable s I p select signal CS bot é ”ﬁEﬂ_A(ﬁg- | oglc | ow

voltages(lndlcatlngawrlte cycle): ite 15 |epnahle—sighat—¥—1s an
ECL | ogic high voltage and chip select s% al CSis a ECL logic |ow voltage
(indicating a read cycle), single-sided delay control signal WED is

provi ded at a7CIVDSAheasyncbmm)llIS)vintegram ciwuih memqrye?%) élayiilggaa W

transitions from | &el ay
control 20 si gnaﬁv‘)v@ 6¥ gp{,fﬂgﬁqe#og%ca \Pg)&é/%rf ow t(s)@rﬁgoﬁl h after a
built-in delay pr ofH'SIeEPQI}? gtatgy ra@@" ng. intQ i@ s ﬁﬁtﬁ% @legmw W
Lransi tions f rom acbQ(30)| e h0sélelc@é1d0b|hlmié palit 94), anagaere@ddwc;tel ay
control signal m%&e&mn fro o gwhbag' Xgﬁ'lgg § tao§§c‘l3§an
vol tage wi*t hout a g el
times are inprovedstatepfor neladmgrpdh rbwglled ontel & selectédClbit diiec p;at e 90
are used instead o{)%é)gl E n ic | evel S. An internediate level logic

XI

high is equal to a 8 volts and an internediate |evel |ogic
low is equal to approxi8aplirglity of mameryueells §26) gouplgdato tworb linas o

volts and [err] is equal to ghgub,t ﬁng [ygilrésea@hr hf&'nérfet%il qm:l e, (vvrl te

enabl e signal Wis an ECL | erna wr it

O l
internedifte level logic | OV\P%V"% Mﬁl r\ﬂmt@%l%hi'lne\/\%a"s thWh'Ch it
internediate |evel |ogic higis coupled.ewhamithet aord Athe ttoandiich dt i$24 i s

conductive and coupled is enabled;
a row address buffer (40) for receiving a row address
signal and in responsé providing buffered

15 complementary row address signals;

a row predecoder (42) for receiving said buffered
complementary row address signals and for
providing predecoded signals for selecting a
word line (32);

20 a row selector (38) coupled to said row predecoder
(42), for receiving said predecoded row address
signals, for performing a word line selection,
and for changing such word line selection in
response to a change in said row address signal;

25 bit line equalization means (24), coupled to the bit

' line pairs, for equalizing the voltages on the bit
line pairs at the termination of a write cycle;

a transfer gate (57) coupled to said output of said
row predecoder (42) for receiving a first

30 control signal and for preventing said row
address predecoder (42) from providing a new
predecoded row address signal to said row
selector (38) when said first control signal is

active; _
35 control means (45), for making said first control

signal active in response to said write enable

-
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2@ tHansistor 125 i s _non- conductl ve. Transistor 126 is conductive, allow ng

2 .Current t(Th ‘fe nsistors 124 and 126 between [err] and [err].
Tr ansi st or e, thus pulling the voltage at_the input of

i nverter 129 voltage 5 equal to ap[i:-ﬂp Qﬁﬁﬁ HASEBEEN A logic
| ow at the input of |nverter 129 causes the out pu E

o be a
| ogi ¢ high voltage equal to approxinatel y

"*L ’2 rate at
full rail CMOS |ogic |levels. Transi stors 6 and 137 are non- conducti ve,
transi stor 138 is conductive, thus reducing the 10 voltage at the base of
bi pol ar pul I -up transistor 18@na pemg incsaidi figst logici stale, 1amd tforbe

non-conductive. Single-si dednpﬁhﬂgs rﬁFstS?Sﬁﬁbl \&@:hp Ihaéflﬁéoir? provi ded
ab

at the emtter of transistor 140 ogj C sane | ow

power |evel converter 121 re&%%&sﬁﬁo $ 'Lder"‘f{gf-" &R §'Qﬂé|| Qewg dRd W at
t hedgat es of BV?HSI st 0{ S 14233@' s’b‘bbnd Elé Ritlfstat@ ,Ysaith #irst deﬁtz%ﬂ%l dﬁa1|44 -
conductive and transi stor n ctiv n

are non-cohductive, preventi &?8 ;ﬁﬁ‘ga ol'f Fo&r%%é%g@ﬁéﬁeﬁ eJuppl y
voltage termnals [err] and paid ]write aenalsleomgm&l transitiens afrdn $aigi ¢ | ow

si ngl e-si ded del ay control Sk geghFV@@ngaité %%lﬁgtf-,:éf Io§'ié"b°th§é Ot is

t heref ore non-conductive. Transi s t1ve, causing
bi pol ar transistor 147 @olatehcfuiar vetainings Sﬁld Inragdespdadcraw jadderssy

signal until a new predecoded row address
10 signal is provided by said row predecoder (42).

RN A



coﬂtrol srgnalrhyﬂgeii § Ioglc low . 25 - . To begin a wite cycle of

Rerory 20, wit dWand chip sel ect si to
| ogi ¢ | ow vol t4mm] , transistors 93 and 93@ g%%’&ﬁggﬁﬁz
and transi stor ve, so that current 199is_s ’r hrou
transi stor 94. The voltage at node N103 is a l'ogic high 30 voltage equal
, to approximately VDD, and the voltage at\ggde N104 is a logic |ow voltage

. ‘equal to approximately VDD m nus [err] re [err] represents the

. resistance of resistor n Wite si S alogrc hi gh vol t age

equal to the voltage at nodéNltll'Pﬁﬁ RATER GFBG%HE MEMOQRY, ansi stor 100, and
I nt ernal 21 wite signal Is alogic |low voltage equal to the voltage

at node N104 nm nus one VBE across transistor 101. Transistor 124 is

non- conductive and transistor 125 is conductive. Transistors 126 and 127

are both non-conductive so 5 t disttdelr ef i thendisclesument fl owi ng t hrough

| evel conyperter 123. Since transistor 124 is non-conductive, transistor 138

o S CRn Wik e 5B erkiS , Vbl Svilas s e STeIe b
by the out puthas memotercdlls.(30) dosamd)ratlaﬁersedﬁbnscofdmmvtinesd 32)
oo Lo GRS RSV G3RrSE D, (A el o
states. A conwiitei eeabla isigral. The logic state of the write enable signal
10 determines whether memory (20) writes data into, or reads data
from, memory (20). Memory (20) includes row address decoding
for selecting a word line (32). During a write cycle, a control
signal generated by write control circuit (44) and single-sided
delay circuit (45) is provided to row predecoder (42). The old
15 row address is latched, and a new address is prevented from
selecting a new word line (32) until the write enable signal
changes state to begin a read cycle. Controlling word line
selection with the write enable signal ensures that bit line
equalization occurs before the beginning of a read cycle.

20
FIG. 1 accompanies this abstract.



csssea"t ed between VDD and the base of transistor 140 when both transistors
136 and 137 becone conductive, causing bipolar 15 transistor 140 to be
bi-ased i nto conduction. Transistor 141 of | ow power |evel converter 121 is
conductive and transistor 142 is non-conductive. Since single-sided delay
control signal WED is a logic high, transistor 146 is conductive, causing
transistors 143 and 144 to be conductive. The gate of transistor 149 is 20
pul l ed to approximately [err], nmaking transistor 149 substantially
non-conductive. Transistor 145 is non-condygtive, preventing a conductive
path from being created between [err] and err] Therefore, no DC current
Is allowed t M 1 OW POWET T evel Z1. S phce transistor 149
i S non-condu tlveg\ll i pol far 25 tramS| storu14% | s|al s&hbn- conduct i ve,
al I owi ng singl exsi d¢d de ay .go}rtr @lgnaﬁ V\EDtP be putled to

approxi mately [@rr]] Serje gm inver{er& 12f - 13§ del ay

transistor 137%rom becsf ng%l%ﬁa ﬁve @ appr ¢xi @tey_j”nanoseconds.
e
N

The length o e del ay tan eashly co oljl ed|byQ ncfeas}i ng or 30
ern

™
egun’oB of linverters in theel ny& t ér Shai
&n

decreasing th .
transitioni nﬁ h Wwife aneadd cyclel] shgl b-sijded del ay
control sign3l (HED {rans|tiphrs f a®ogic high|toch |pgic I dqw in response
to wite enablgﬁ‘i’gml t r hast ing froma logicQowto fa ljogic high. No
delay is desilreg SL whep s} - s| ded del ay con{roL si jnal| VD tra sitions
froma logiclhigh tp a |pgiL r @_Rwritet I‘S.d ransitliaon. (oing
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22:ihto a read cycle, transistor 136 becones nonconductive imediately and
tranS|stor 138 becomes conductive i nmediately, thus reducing the vol tage at
the\base of transistor 140 to [err]. Transistor 140 becones nonconductive,
and output 5 stage 145 causes single-sided delay control signal WED to be
a togic low voltage. Transistors 136 and 138 can change states very quickly
because internediate logic levels fromECL |ogic gate 90 are used. Using
intemediate logic | evels reduces the propagation 10 delay encountered when
full CMOS | evels are used. But transistors 137 and 139 change states slowy
because of series connected inverters 1295 135. The base of transistor 140
cannot be charged to VDD until a logic Iow is provided at the output
term nal of inverter 135. To discharge the base of 15 transistor 140,
transistor 138 switches on (becones conductive) very quickly because the
gate of transistor 138 is connected to thedarain of transistor 124, and
t hus avoi ds the del ay caused by series conrfected inverters 129 - 135.
Transi stors 136 - 139 are connected to formfCMOS two- 20 input NOR gate
122. NOR gate 122 can operate at the interngdi ic level of signals W
and W . NOR gate 122 functidgs like a conVrntlonaI NCR gate, except that
the gate of transistor 138 i % Ootecjed e QP%Eh pf transistors 126 and
127. If NOR gate 122 were a convgism o=, vi hp gate of 25
transistor 138 would be connect@d tjo the gaféo t¥anki stor 136. Wen
internal wite signal W is a |ogi glaw P-d¢hanpel
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~

r&msistor 136 will becone conductive, but the logic lowis not |ow enough
make an N-channel transistor non-conductive. Therefore, the gate of

tpansistor 138 is coupled to the gates of 30 transistors 126 and 127, so

tthat a voltage is provided to the gate of transistor 138 that w Il nake
transi stor 138 non-conductive when transistor 136 is conductive. Level
converters 123 and 121 are interchangeable in nost applications, however a
draw back of |ow power |evel converter 35 121 is that it requires nore
area on the integrated circuit. In the preferred enbodi ment, |ow power

| evel converter 121 is used 23 with a¥®nventional |evel converter 123
to reduce the power consunption of single-sided delay circuit 45, yet stil
be sonewhat space efficient. In other enbodi nents, two | ow power |evel
converters 121 can be used, further reducing the power 5 consunption of
singl e-sidedydel gy ciycuit 45. Wi e the ingventjyon has been described in
the context of a|prefprred enbodinent, it will be appargnt to those skilled
in the art that fhe pfesent inventjion qay ke nodNf/ed il numerous ways and
may assume npny Pnbod ments ot her [than |thatf specjN cally. 10 set out and
descri bed abpve. | For pxanple, othgr typ f eferepce gnd bi as vol tage

circuits may|be puhgtftuted for those,l rated. | so,Nrow address
ot hef thpn thé\&sw predecoder

| at chi ng may|be hccgnplished in a |l fcat
In addition,|a d fggrent
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shod for |atching the predecoded row address signal may be 15 used.
Busthernore, delay stage 128 may be inplinmented using a series of ECL
steges ahead of |evel converters 121 and 123. Accordingly, it is intended
by  t he appended clains to cover all nodifications of the invention which
fall within the true spirit and scope of the invention. -24- Cains 1.
An asynchronous integrated circuit nenory having a wite cycle, indicated
by a wite enable signal being in a first logic state, for witing data
into 5 the menory, and a read cycle, i ndit ed by the wite enabl e signal
being in a second logic state, for reading data fromthe nenory,
conprising: a plurality of nenory cells, each nenory cell of the plurality
of menory cells coupled to a word line and to a bit line pair for receiving
data fromthe bit line pair to which it is coupled, when the word line to
which it is coupled is 10 enabled; row decoding neans for receiving a row
address signal and for selecting one of said word lines in response to said
row address signal; bit |ine equalization neans, coupled to the bit line
pairs, for equalizing the voltages on the bit line pairs at the term nation
of the wite cycle; and 15 preventing nmeans, coupled to said row
decodi ng neans, for preventing said row dpglodi ng neans from sel ecting a
different one of said word linesguntil salfl wite enabl e signal changes
fromsaid first logic state to i d setom@] | ogic - state, ensuring that
said bit line equalization m&ns zé% the vol tageg, on
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tRevbit |ine pairs before said different one of said word lines is
=selected. 20 2. The menory of claim1, wherein said row decodi ng neans
“fexther conprises: a row address predecoder having an input for receiving
. said row address signal and having an output for providing a predecoded row
atdreSs signal; 25 and a row selector cguzkgd to said row address
predecoder for receiving said predecoded™r address signal, for performng
a word line selection, and for changi ng such word line selection in
response to a change in said row adgress si@gnal. 30 3. The nmenory of
claim1l1, further conprising controﬁiﬁéﬂns Egr providﬂ%g a first control
signal to said preventing ns and for makfng said Lirst control signa
active a first predeterni ned @&ray # €ho i welehabl e si gnal
transitions fromsaid second | ogi hrstal ogi c state, said
cont rol REPLACEMENT SHEET - %% gbg fi'rst control signal
‘ onpd predeterm ned

del ay. ': 4, The menory of

charaoteri zed as
iy a different one of said
i gnal being active.

delay being less than said firs
claim 3, wherein said preventin
preventing said row decodiggreans|

word lines in response roNfi T
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5. The memory of claim2, wherein said preventing means is coupl edbp@2b~s
bet'ween said output of said row address predecoder and said row sel ector,
and prevents said predecoder row address signal from being received by said
row sel ector in response to said first control si gnE‘~ - Ihe penory of
claim2, wherein said row address predecoder conpri eEEPLACEMEN%@nEE-p I C
gate haV| ng a plurality of input termnals for recel v Ng a ptura of
said row address signals and an output termnal for rovﬁg?ﬁd p ecoded
row address signal as a |ogical NAND of.sgaid pluralfi tfy of' ' owjaddr ess
signals. 20 7. The menmory of claimb5, wherein ga ns
conprises: a transfer gate coupled to said output h

sai d r ow addres
predecoder, for receiving said first coM8 signal, anot—for—preventd ng
sai d row address predecoder from providi ng a new pr edecoded row address

signal to spid rA%Wfa%?hél%ﬁbuW@ Feted cfrb Bltyr I’i’é\}\\lnﬁ%?\ﬁhté éyélét ive; and

25 | at ch a SS

t al ni ai eco until a
new pr edec dﬁgﬁamﬁéd‘?’@@se@lggﬂ Sm/'ncﬂe rstSPQ!ﬁﬁEPtPo ré’!fﬂ!"&gata into
predecoger thé memohg mrrua@byclbainuﬂatedﬁwrthenmm@ ehdblé sijnal beiigein a

o 5ai d- 30 seeppfigiaicatat, Kt B its ot ot bighed! Bt curran
el ect rode coupl eaiplunahtwod memonetells, each anemarycceit obthegplarality dbmemory
receiving sand cfohgfe%d foOQWd?h |ﬁbgeﬂﬁi to & bit Ii'?léeﬂélrefor'}@%lo?lgaﬂ]athrff&fﬁ tﬁ& biF ”a'

for receiving sal
- an Mcharlm pair tohwhiaghoit lmgw;?Igd.awgenélﬂe werddine t@declndids, qeuplﬁcbs to sai d

10 enabled; _

row decoding means for receiving a row address signal and for selecting

one of said word lines in response to said row address signal;
bit line equalization means, coupled to the bit line pairs, for equalizing

the voltages on the bit line pairs at the termination of the write cycle; and

15 preventing means, coupled to said row decoding means, for preventing
said row decoding means from selecting a different one of said word lines until
said write enable signal changes from said first logic state to said second logic -
state, ensuring that said bit line equalization means equalizes the voltages on
the bit line pairs before said different one of said word lines is selected.

20 |
2. The memory of claim 1, wherein said row decoding means further
comprises:

a row address predecoder having an input for receiving said row address
signal and having an output for providing a predecoded row address signal;

25 and '

a row selector coupled to said row address predecoder for receiving said
predecoded row address signal, for performing a word line selection, and for
changing such word line selection in response to a change in said row address
signal.

30 _
3. The memory of claim 1, further comprising control means for providing a
first control signal to said preventing means and for making said first control
signal active a first predetermined delay after said write enable signal
transitions from said second logic state to said first logic state, said control

_—
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out.put’ of said row address predecoder, a second current el ectrode coupl ed
to said row selector, and a control electrode coupl ed out put of
said inverter. 5 9. An integrated circuit nmenory h VREBLA{}EMENtreS'q:EEq-W,
indicated by a wite cycle, indicated by a wite enablje [STgmat—beihg
first logic state, for witing data into the nenory apdfa ?W%

I ndi cated by the wite enabl e signal being a second |

readi ng data fromthe nenory, conprising: a plurality o--mmnrv cell s} fach
menory cell of the plurality of nenory 1Qg cells coupjed to a word |ing and
to a bit line pair, for receiving data ffomthe bit |TTe parr—te-whi.ch ji t
I's coupl ed, when the word line to which.it is coupled is enabled; a row

addr ess pr efirgméanakiplg $4id dirst dohtrdl é@«aﬁmarcﬁeé aftef BadecoRd PredeRIMMRE
provi di ng pre ecode ow ddre ector coupl ed

Si a rq I
to said rowdglay, s8d sp gde g‘é%@fﬁ)’l '?RJ"SA?S(? alél'é% row addr ess
si gnal s, foprmtémmdgidaycprd I|ne sel ection, and for changing such word
line selection in response to a change in sai d row address si gnhal ; bit line
equal i zation neans, coupled to the bit line pairs, for equalizing 20 the
vol t ages ondt he Bhe memenpaf elaimt3, whereis said preventing masnsis fustheycl e:

d I w
o, R I ) R a1 A Ly
| at chi ng meQA8 0 ﬁ@!‘”"@f&'ﬂ?ﬁﬁ‘ E%P&r‘ﬁﬂlt‘él spjdfirst eentre)signal; he"éﬁ getiveai d wite

enabl e si gnal svmtches to-said second |l ogic state. 25 10. The rrermry of

claim9, wherein.said row a d s% r.edecoder, conpr,i ses a NAND: | oI c state
“having a plBrali 'tl'ﬁed'pemﬁmp ¢ AYRerpf sqid preverting-means is ceYPIBA sai d row
addr esslGi ghetweemsiaidrouipuipof said rowraddréss predecodengnd said rew gdlatton and

address si 9palyeRts SaidiSHetBbodbiNOwhdarisd ynHidtdrh beflg Febliifhy Saidldra! s-

selector in response to said first control signal.

6. The memory of claim 2, wherein said row address predecoder comprises

15 a NAND logic gate having a plurality of input terminals for receiving a plurality of
said row address signals and an output terminal for providing said precoded
row address signal as a logical NAND of said plurality of said row address
signals. o~

20 7. The memory of claim 5, wherein said preventing means comprises:
a transfer gate coupled to said output of said row address predecoder, for
‘receiving said first control signal, and for preventing said row address
predecoder from providing a new predecoded row address signal to said row
selector when said first control signal is active; and
25 a latch for retaining said predecoded row address signal until a new
predecoded row address Signal is provided by said row address predecoder.

8. The memory of claim 7, wherein said transfer gate comprises:
a P-channel transistor having a first current electrode coupled to said
30 output of said row address predecoder, a second current electrode coupled to
said row selector, and a control electrode for receiving said first control signal;
an inverter having an input terminal for receiving said first control signal
and an output terminal; and

\
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30 11.° The menory of claim9, further conprising control neans for making
a first control signal active a first predeternined del ay after said wite

enabl e signal transitions.fromsaid second logic state powsajd fi rst | ogi c
state, said control means nmeking said first control sign&EPLAGH &h a
second -27 - predeterm ned del ay, said second predetjerfr# y I g
less than said first predetermned delay. 12. The ment ,L Mm 11,
wherein said decoupling neans is further 5 characterl 1 l'Hﬂ? I np

sai d row address predecoder from sai d royssel ector in feé

first control signal being active. e nmenory of

sai d | at chi ng neans conprises a Iatch for retaining sartp

addr ess si gnal N—cﬁaﬁlﬁﬂtﬁr&i@&ﬂﬁ’é\ﬂ i@Ww&Pcuﬁéﬁ'{ &éétréﬂ@ eak ‘ ISE deréﬁﬂi ded by

veans. conpradBd oﬁsalﬁrrew wred 3o, e st Seobe bl ™

coupl ed t o suid tow gaestonfantia dontral eldcireds coupkdtodaid oﬂt;ﬁﬁ@f%dl@iméﬂéf
el ectrode coupled to said row 15 selector, and a control el ectrode for

receiving said first control signal; an i nverter havi ng an input term nal
for rechivithg sahnl int‘egeattedoircuibmelﬁglyalha\angl aamntanymle mdlcateuiaby aawdtea

second trangiord Ghdieae téséna‘BtE E@rﬁ]ﬁgl Bof téfi Ig@{:’w" fo‘?\ﬁrﬁir& Pt

of said row’address pre eco cur &’ Cou o sai d
row 20 seligia e mgmery anga r%ad §y@eﬂm@g@te@d@npﬂwwnte eaableammltbamg @ai d

inverter. Idacondl6gitRnatey for realtiigdsta. frobh Thé nterhaiyd coripHaing P! i ses:
_ | a plurality of memory cells, each memory cell of the plurality of memory

10 cells coupled to a word line and to a bit line pair, for receiving data from the bit
line pair to which it is coupled, when the word line to which it is coupled is
enabled,;

a row address predecoder for receiving a row address signal and in
response providing predecoded row address signals;

15 a row selector coupled to said row address predecoder for receiving
said predecoded row address signals, for performing a word line selection, and
for changing such word line selection in response to a change in said row
address signal; :

bit line equalization means, coupled to the bit line pairs, for equalizing
20 the voltages on the bit line pairs at the termination of the write cycle;
decoupling means, for decoupling said row address predecoder from
said row selector when said write enable signal is in said first logic state; and
latching means, for retaining said word line section until after said write
enable signal switches to said second logic state.

25 _

10.  The memory of claim 9, wherein said row address predecoder comprises
a NAND logic state having a plurality of input terminals for receiving a plurality
of said row address signals and an output terminal for providing a predecoded
row address signal as a logical NAND of said plurality of row address signals.

30
11.  The memory of claim 9, further comprising control means for making a
first control signal active a first predetermined delay after said write enable
signal transitions from said second logic state to said first logic state, said
control means making said first control signal inactive after a second

N
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a first inverter having an input termnal for receiving said predecoded row
address signal and an output termnal; 25 a bigelacr transistor

having a first current electrode coupled to a first pCWEPEAﬁEMBUTvsql;Eﬁﬂ
termnal, a second current electrode coupled to said rjowsetecter—iror

provi di ng sai d predecoded row address signal, and a cqntjro e
coupled to the output termnal of said first inverterj} a fJII égﬁl&éﬁgn e

transi stor having a first current el ectrode coupled t d 30 outpul pf
said first inverter, a second current el_??t_r ode coupl %d to said second
current el ectrode of said bipolar transisStor, and a c ut

of said first inverter; a second N-channel transistor having a first

current ele I [ t ' i pol ar
Cr et st or . Prédetamiied Gelay hsdia R tPasteiita BeiBy HoM( Ik thah el D0,
suppl y vol t S5 Rreaﬁﬁ%mlneiaa'aa- control electrode coupled to said input of

said first inverter; and a second inverter having an input term nal coupled
to said secqprd cutre el rpd ai d. bi pgl ar transistor .and_ an out put
term nal coagr ed%& @%m%gi%hc%uﬁf’t ?ﬁeﬂ"a?ﬁgf&efgf‘ﬂﬁqg Pl‘?a'\srﬁzﬁ"ﬁﬁ?r. 16. An
asynchr dnousharaciepizedas decouplingresaid yov addressapredecoderfrom, saiddowat ed by a
write enabl @c&;}g | | ifilgr St nc?'q,i .q/'ﬁvr%f L folwriting data into the
menory, andgg rea hég%‘?@?éérﬁdgaclétﬁe cody tlg' |P§mgn%(g1vg signal being in a

10 second logic state, for reading data fromthe nmenory, conprising: a

plurality ofi3menyhy mheéhloty of eRlim™EWhereR $aifflatchmgtheaas chinptfse8™Ritch

cells coupl ed t?.a. wor d Ilng ardeto a glt |1 ne é)lal r, for rec IVICP% dat a

fromthe bi for retaining said predecoded row address signal until a new predecoded row
10 address signal is provided by said row predecoder.

14. The memory of claim 12, wherein said decoupling means comprises:
a first transistor having a first current electrode coupled to said output of
said row address predecoder, a second current electrode coupled to said row
15  selector, and a control electrode for receiving said first control signal;
an inverter having an input terminal for réceiving said first control signal
and an output terminal; and ‘ "
a second transistor having a first current electrode coupled to said output
of said row address predecoder, a second current electrode coupled to said row
20 selector, and a control electrode coupled to said output of said inverter.

15. The memory of claim 13, wherein said latch comprises:
a first inverter having an input terminal for receiving said predecoded row
address signal and an output terminal;

25 a bipolar transistor having a first current electrode coupled to a first
power supply voltage terminal, a second current electrode coupled to said row
selector for providing said predecoded row address signal, and a control
electrode coupled to the output terminal of said first inverter;

a first N-channel transistor having a first current electrode coupled to said

30 output of said first inverter, a second current electrode coupled to said second
current electrode of said bipolar transistor, and a control to said input of said first
inverter; '

a second N-channel transistor having a first current electrode coupled to
said second current electrode of said bipolar transistor, a second current
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line pair to which it is coupled, when the word line to whi
i s enabl ed; 15 - a row address buffer for receiving ajrRgp
signal and in response providing buffered conpl enentary rojv ped
signals; a row predecoder for receiving said buffered co -‘=negtar r ow

address signals and for providing predecoded signals for deljecti Y rioopf

the word lines; 20 a row sel ector coupled to said ol predecoder,
for receiving said predecoded row address signals, for pefformnm ng a wore
i ne selection, and for changi ng such wokgl_|ine sel ecti on™~m—~espopse to a

change in said row address signal; bit IThe equalization neans, ¢oup|eg
the bit line pairs, for equalizing 25 the voltages on the bit line pairs

BULDUL of S otpietio & sesond poRer Supply Veltaetaifinal SHEE COMIOR O ¢ o
t W_pr odet , for. receiving
glrje\egntiongsegéalﬁﬁ&f%ﬁﬁ‘é@gﬁggéabq E‘tﬁ’é‘&Bgﬁ?'df frﬁﬂﬂ“ﬂfﬁﬁﬂ;cﬂ a new predecoder row
address signal tesecont invertee having anvinput tedminal coupled o rsaid lsecnwd i s y
i . . ] active
o ¢ eeponse cprent SBRoRb SFRA piodr iRy AR Glrplyt FEHHIOE el o c!
and f or Smaksatg ibputitarminal of seid first énvester. i nactive in response to said wite

enabl e signal being in said second |ogic state, said first control signal
bei ng del ayed fo gﬁ‘?r det er m ned - time after said wite enable

-29 . > )
signal trafti reppys dtegrated slipuit merpery: having @ writeseyalegi ¢ st at e
and indicated by a write enable signal being in a first logic state, for writing data into

the memory, and a r_ead cycle, indicated by the write enable signal being in a

10 second logic state, for reading data from the memory, comprising:

a plurality of memory cells, each me'mory cell of the plurality of memory
cells coupled to a word line and to a bit line pair, for receiving data from the bit
line pair to which it is coupled, when the word line to which it is coupled is
enabled;

15 - arow address buffer for receiving a row address signal and in response
providing buffered complementary row address signals;

a row predecoder for receiving said buffered complementary row
address signals and for providing predecoded signals for selecting one of the
word lines; '

20 ~ arow selector coupled to said row predecoder, for receiving said
predecoded row address signals, for performing a word line selection, and for
changing such word line selection in response to a change in said row address
signal;

bit line equalization means, coupled to the bit line pairs, for equalizing

25 the voltages on the bit line pairs at the termination of the write cycle;

a transfer gate coupled to said output of said row predecoder for
receiving a first control signal and for preventing said row address predecoder
from providing a new predecoder row address signal to said row selector when
said first control signal is active .

30 control means, for making said first control signal active in response to
said write enable signal being in said first logic state, and for making said first
control signal inactive in response to said write enable signal being in said
second logic state, said first control sighal being delayed for a predetermined
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a latch for retaining said predecoded row address sig e
predecoded row address signal is provided by said row Sht;aé@ M@ﬁ SHEET .
The nmenory of claim 16, wherein said row address predecpder conpri Se€s] §
NAND | ogi ¢ gate having a plurality of input terninalsffor IrbNgWvigep 4 | :
plurality of said row address signals and an output tferjni nal for proViding
a predecoded row address signal as a |ogical NAND of jsai d pruratrty—ef }row
10 address signals. 18. The nmenory of claim 16, wierein said transfer
gate conprises: a first transistor havi r_l%ga_ first current el ectrode coupl ed
to said output of said row address predecOder, a second current electrode
coupled to said row 15 selector, and a control electrode for receiving

said first @A afér SdidWite ctabld¥idhbPirafRgions M s418'SecbRl dié'stdte'to
OIRT

receiving said £irst.control signal and an output termna a second
t ransi st or ﬁalﬂé’fﬁ{g’gf‘?ﬁ?ie'aﬂq?ent el ectrode coupled to said output of said
row addr ess pr ededatwrforaetaim’ng@aidxpreﬂebodéd%wgﬂﬂremsignd!c Imtil%;néwf OWt 20
sel ector, a tr of said inverter.
19." The rreﬁger@eco%%yl @Mﬁé@gﬁﬁﬁﬂ%ﬁdé‘g@%&%PPL‘!%QGC Qi rst inverter
having &n input terminal for receiving said predecoded row address signal

g p

and an Oul Dy | CTRbAbmORY of claim 16, e8| didbAMATbEL phaleddBle? ! 1 5!

current el ectrode cou . rst power. supply. >"termnal, a
second cur r EpMpEses & NABL: lngis gate baviag @ P'QW’E\QD&WI tergringlsdor eoeivingiad

yaecode, DUGRY skl ke Stk gh SO IDISANG TS
out put term.pal of, sai hest inverter: a.fi A 1

a first cur P@decgpgﬁtrpwd%dcﬁygaﬂsapql 85 |agical hﬂ"ﬂﬁ‘ﬁlﬁa‘%f’l%ﬁﬁw q%irpﬂ’t

i nvert efQ aaddressdsignalsent el ectrode coupl ed to said second current

el ectrode of said bipolar transistor, and a control el ectrode coupled to

18. The memory of claim 16, wherein said transfer gate comprises:
a first transistor having a first current electrode coupled to said output of
said row address predecoder, a second current electrode coupled to said row
15  selector, and a control electrode for receiving said first control signal;
an inverter having an input terminal for receiving said first control signal
and an output terminal; and ' .
a second transister having a first current electrode coupled to said output
of said row address predecoder, a second current electrode coupled to said row
20 selector, and a control electrode coupled to said output of said inverter.

19.  The memory of claim 16, wherein said latch comprises:
- a first inverter having an input terminal for receiving said predecoded row
address signal and an output terminal; -

25 a bipolar transistor having a first current electrode coupled to a first
power supply voltage terminal, a second current electrode coupled to said row
selector for providing said predecoded row address signal, and a control
electrode coupled to the output terminal of said first inverter;

a first N-channel transistor having a first current electrode coupled to said

30 output of said first inverter, a second current electrode coupled to said second
current electrode of said bipolar transistor, and a control electrode coupled to
said input of said first inverter;

a second N-channel transistor having a first current electrode coupled to
said second current electrode of said bipolar transistor, a second current

\

0 g



sai,d i'nput of said first inverter; a second N-channel transistor having a

first current electrode coupled to said second curr
bi pol ar transistor, a second current REPLACENME
coupled to a second power supply voltage termnal,
coupled to said input of said first inverter; and s
I nput term nal coupled to said second current el ect
transi stor and an output term nal coupled to said
said first inverter. 11111111 111111 11144111111111
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electrode coupled to a second power supply voltage terminal, and a control
electrode coupled to said input of said first inverter; and

second inverter having an input terminal coupled to said second current
electrode of said bipolar transistor and an output terminal coupled to said input

terminal of said first inverter.
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INTEGRATED CIRCUIT MEMORY

Abstract_of the Disclosure

A memory (20) for performing read cycles and write cycles
has memory cells (30) located at intersections of word lines (32)
and bit line pairs (34). A write control circuit (44) receives a
write enable signal. - The logic state of the write enable signal
determines whether memory (20) writes data into, or reads data
from, memory (20). Memory (20) includes row address decoding
for selecting a word line (32'). During a write cycle, a control
signal generated by write control circuit (44) and single-sided
delay circuit (45) is provided to row predecoder (42). The old
row address is latched, and a new address is prevented from
selecting a new word line (32) until the write enable signal
changes state to begin a read cycle. Controlling word line

~ selection with the write enable signal ensures that bit line

equalization occurs before the beginning of a read cycle.

FIG. 1 accompanies this abstract.



