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[err] connected to the memory cell transistors [err] respectively and also
to the line 3. This invention relates to a semiconductor mem-  When signals
are supplied from the word lines [err] or ory device, and more particularly
to a semiconductor  WL2, data retained in the memory cells [err] are memory
device having an improved circuitry for sup-   5   sent to the pairs of bit
lines [err] and plying currents to sense amplifiers as defined in the
BLBn. preamble of claim 1.                                  The sense
amplifier SAM1 includes P-channel A semiconductor memory device includes a
plur-  transistors [err] and N-channel transis- ality of memory cell blocks
each comprising a plurality  tors [err]. To the source of each of the P- of
memory cells which are connected to a pair of bit  10  channel
transistors[err] a current is sup- lines. Conventionally, a sense amplifier
is disposed  plied through a wiring SAP from a current source 1 for each
memory cell block to amplify a microvoltage  which comprises a P-channel
transistor [err] and, to read from memory cells of the corresponding mem-
the source of each of the N-channel transistors [err] ory cell block via
the pair of bit lines. The sense am-  and [err] a current is supplied
through another wir- plifiers are arranged in a row at one end of the mem-
15  ing SAN from another current source 2 which com- ory cell blocks to
form a sense amplifier block.   prises an N-channel transistor QSAN. The
gates of the With a higher degree of integration of semicon-  transistors
[err] and  and the drains of the tran- ductor memory devices, a memory cell
block involves  sistors [err]  are commonly connected to an increased
number of memory cells therein, which  the bit line [err] and the gates of
the transistors leads to an increase of the number of memory blocks  20
[err]  and the drains of the transistors and an increase of the number of
sense amplifiers  [err] are commonly connected to the bit provided in
corresponding relation to the memory  line [err] The other sense amplifiers
[err] blocks. This results in increased parasitic resistance  are
constructed similarly. caused by a wiring (hereinafter, such resistance is
re-  In Figure 7, [err] designates a power source vol- ferred to as merely
"parasitic resistance"), and ac-  25  tage, and Gp and GN designate
respective gates of the cordingly in a reduced rate of reading data from
mem-  transistors QSAp and QSAN. ory cells. However, a strong market demand
exists for  When the potential of the word line [err]  is raised a highly
integrated semiconductor memory device    to HIGH, data stored in the
memory cell capacitances which can perform high-rate data reading.
[err]are supplied to the bit lines [err] The structure of a conventional
semiconductor  30   [err] via the memory cell transistors [err] memory
device as it is known e.g. from IEEE JOUR-  QA2, ..., [err] When,
forexample, the data supplied to NAL OF SOLID STATE CIRCUITS, vol. 22, no.
5,       the bit line [err] is "H" (which is the data representing October
1987, pages 651-656, New-York, US; K. KI-  the H level), the voltage of the
bit line [err] is higher MURA et al.: "A 65-ns 4-Mbit CMOS DRAM with a
than that of the bit line [err] by several hundreds of twisted driveline
sense amplifier" (see preamble of  35   millivolts, so that the transistors
[err] in claim 1) will be described more specifically with ref-  the sense
amplifier [err] are turned on. Once an H erence to Figure 7. The memory
device of Figure 7  level signal is given to the gate GN of transistor QSAN
comprises sense amplifiers [err]                  of the current source 2,
the current source 2 begins for amplifying respectively signals from pairs
of bit  to conduct the current withdrawal against the wiring lines [err]
40  SAN, whereupon the transistor [err] which is in the BLBn. These sense
amplifiers [err]consti-   conductive state begins to lower the voltage of
the bit tute a sense amplifier block 10. Each of the pairs of  line BLB1.
bit lines [err]                                   and  On the other hand,
an L level signal is inputted to BLBn is connected commonly to a group of
memory   the gate Gp of the transistor QSAp of the current cells, which
constitute a memory cell block. In Figure  45  source 1 with a slight lag
behind the timing of the ap- 7, only memory cells CE1 - CEn to which
signals are  plication of the H level signal to the gate GN. Then, the
commonly given from word lines WL1 and WL2 are     current source 1 begins
to supply current to the wiring shown for individual memory cell blocks,
and other  SAP so that the transistor QPA1 in the conducting memory cells
are not shown.                        state boosts the voltage in the bit
line BLA1. During The memory cells [err]  respectively  50  this process,
the transistors [err] do not comprise memory cell transistors [err]
operate. each having a gate connected to the word line [err]    Such
voltage changes in the bit lines [err] and memory cell transistors [err]
each hav-     [err] are shown respectively by vurves [err] ing a gate
connected to the word line WL2, memory  in Figure 8. The difference between
the voltages thus cell capacitances [err]connected to the   55  read on bit
lines [err] which indicates the memory cell transistors [err] respec-
stored data is amplified by the sense amplifier. tively and also to a line
3 to which a cell plate voltage  Figure 9 shows a simplified equivalent
circuit of [err] is applied, and memory cell capacitances CB1,  the sense
amplifier block 10 comprising the sense 2  



3                   EP 0 380109 B1                 4 amplifiers SAM1 -
SAMn. In Figure 9, R1 and R2 rep-  nected with each other at both ends,
said first section resent parasitic resistances in the wirings SAN and
being connected to said current source and common- SAP, respectively. To
simplify the illustration, only  ly to said sense amplifiers, said second
section con- transistors which are at the turn-on state in the  necting
said current source with one of said sense above-described condition are
shown in the sense   5   amplifiers which is most separated from said
current amplifier block 10. When the current source 2 begins  source. to
withdraw current from the wiring SAN, a voltage    In a preferred
embodiment, the memory device drop occurs in the wiring SAN because of the
pres-  further comprises a resistance means which is con- ence of the
parasitic resistance R1. Accordingly, the  nected between said current
source and said one end gate-source voltages in the transistors QNB. and
10  of said first wiring. QNBn change in such a way that the voltage in
tran-   Thus, the invention described herein makes pos- sistor QNBn is
smaller, thereby causing a delay in the  sible the objectives: sense
operation of the sense amplifier SAMn which is  (1) providing a
semiconductor memory device most remote from the current source 2.
which has a high reading rate; In Figure 8, curves Lan and Lbn show voltage
15  (2) providing a semiconductor memory device in changes in the bit lines
BLAn and BLBn, respectively.  which sense amplifiers can operate at higher
From Figure 8, itcan be understood thatthere issome   speed; and lag in
voltage drop in the bit line BLBn as compared  (3) providing a
semiconductor memory device In in the bit line BLB1.
which the voltage drop caused by parasitic resis- In such a semiconductor
memory device, the   20   tance can be effectively reduced even if a wiring
data reading rate depends on the sense operation   for supplying current to
sense amplifiers is long. speed of the sense amplifier SAMn which is most
re-   This invention may be better understood and its mote from the current
source 2, and moreover the   numerous objects and advantages will become
appa- sense operation speed is determined by the length of  rent to those
skilled in the art by reference to the ac- the wiring extending from the
current source 2 to the   25  companying drawings as follows: sense
amplifier SAMn (that is, the magnitude of para-  Figure 1 is a circuit
diagram showing a first em- sitic resistance therein). Therefore, in a
highly inte-  bodiment of the invention. grated semiconductor memory device
involving a        Figure 2 is an equivalent circuit diagram of the vi-
long length of wiring SAN, the problem of increased  cinity of the sense
amplifiers of the embodiment of read time is Inevitable.
30  Figure 1. The semiconductor memory device of this inven-     Figure 3is
a graph showing voltage drops ins wir- tion, which overcomes the
above-discussed and nu-  ing of the embodiment of Figure 1. merous other
disadvantages and deficiencies of the    Figure 4 is a circuit diagram
showing a second prior art, comprises a sense amplifier block in which
embodiment of the invention. block a plurality of sense amplifiers are
arranged in  35  Figure 5 is a circuit diagram showing a third em- a row;
and a current source disposed in the vicinity of  bodiment of the
invention. one end of said sense amplifier block, said memory    Figure 6
is an equivalent circuit diagram of the vi- device further comprises: a
first wiring connected  cinity of the sense amplifiers of the embodiment of
commonly to said sense amplifiers, one end of said  Figure 4. first wiring
being connected to said current source;  40  Figure 7 is a circuit diagram
showing a conven- and a second wiring connecting said current source
tional memory device. with the other end of said first wiring at one of
said  Figure 8 is a graph showing voltage drops In a wir- sense amplifiers
which is most separated from said  ing of the memory device of Figure 7.
current source.                                       Figure 9 is an
equivalent circuit diagram of the vi- A preferred embodiment of the
semiconductor  45  cinity of sense amplifiers of a memory device. memory
device, according to the invention, compris-   Figure 1 is an electric
circuit diagram showing a es: a sense amplifier block in which block a
plurality  basic arrangement of a semiconductor memory de- of sense
amplifiers are arranged in a row; and a cur-  vice according to the
invention. In Figure 1, elements rent source disposed in the vicinity of
one end of said  similar to those shown in Figure 7 are designated by sense
amplifier block, said memory device further  50  the same reference
numerals. In the semiconductor comprises a strip including said first and
said second  memory device of Figure 1, a first wiring SAN1 is con- wirings
and made of a conductor material, said strip  nected commonly to a
plurality of sense amplifiers elongating along said row of said sense
amplifiers,  SAM1 - SAMn which constitute a sense amplifier one end of said
strip being connected to said current  block 10. One end of the first
wiring SAN1 is connect- source, said strip being divided into first and
second   55   ed to a current source 2. Further, a second wiring sections
by a slittoform said firstand said second wir-  SAN2 is formed between the
currentsource 2 and the ings, which slit elongates along said rowof said
sense  sense amplifier SAMn which is disposed most re- amplifiers, said
first and second sections being con-  motely from the current source 2. 



3    5                   EP0380109B1                     6 Figure 2 is an
equivalent circuit diagram of the vi-  SAN1 is reduced by half in the prior
art structure, the cinity of the sense amplifier block 10 in which only
voltage drops AV12 and AV23 becomes as follows: three sense amplifiers SAM1
SAM2 and SAM3 (i.e., in              [err] the case of n = 3). In the first
wiring SAN1 there is present parasitic resistance R3 between the sense   5
[err] amplifiers SAM1 and SAM2, and also between the     From the above, it
is apparent that the voltage drop sense amplifiers SAM2 and SAM3, while in
the sec-          [err] in this embodiment can be effectively reduced as
compared with the above-mentioned ideal case. ond wiring SAN2 there is
present a  parasitic -        Figure 3 is a graph showing voltage changes
in tance [err] Reference numeral [err] designates a parasit-  the bit lines
[err] in the em- ic resistance which is present in a wiring SAP be-
bodiment of Figure 1. In Figure 3, voltage changes In tween the sense
amplifiers SAM1 and SAM2 and also  the bit lines BLA1, BLB1, BLAn and BLBn
are shown by between the sense amplifiers SAM2 and SAM3. As described
above, the operation of the first current  vurves LA1, LB1, LAn and LBn,
respectively. By com- paring Figures 3 and 8, it can be seen that the delay
source 2 which has an important role in the reading   15 duced.In this
way,the sense operation duced. In this way, the sense operation rate of the
operation, and does not affect the reading rate. Hence, is sensor amplifier
SAMn which is most remote from the Hence, in the following description,
currents flowing  current source 2 can be significantlyimproved. during the
period when the firstcurrent source 1 is ac-  Figure 4 is and be memory
developed- tivated are not considered. For the same reason, the parasitic
resistance [err] has no bearing upon the read-  20  ing to the invention.
This embodiment has a structure which is similar to that of the memory
device of Figure Ing rate. Currents flowing respectively through the  1,
except that the first and second wirings SAN1 and sense amplifiers SAM1
SAM2 and SAM3 are the same   SAN2 are formed integrally. More specifically,
the in level. In the following description, these currents  first and
second wirings SANI and SAN2 are consti- are represented by i.
tuted respectively by first and second elongate sec- Where the current the
through the second          tions of a metal strip SAN which extends in the
direc- wiring SAN2 is represented by [err] the current flowing  tion of the
row of the sense amplifiers [err] between the sense amplifiers SAM2 and
SAM3 in the         tion of the row of the sense [err] and are separated by
a slit SL which is formed in the first wiring SAN1 is represented by i2,
and the current  center portion of the metal strip SAN. Both ends ofthe
flowing between the sense amplifiers SAM2 and      first and second wirings
SAN1 and SAN2 are electri- SAM3 is represented by i3, the following
relations hold:  30  cally connected to each other. The equivalent circuit
When the first and second wirings SAN1 and SAN2   35   Figure 5 shows a
further memory device accord- are constructed so as to have parasitic
resistance  ing to the invention. In this embodiment, a resistor Ro equal
to each other,                               is interposed between the
current source 2 and one end of the first wiring SAN1. Figure 6 is an
equivalent [err]                                        above expressions
(4) and (5), the voltage drops AV12 [err]
40  and AV23 in the memory device of Figure 1 are not Therefore, the
voltage drop [err] between sense am-  equal. Thus, sense operation rates of
the individual plifiers SAM1 and SAM2, and the voltage drop [err]  sense
amplifiers including the one nearest to the cur- between sense amplifiers
SAM2 and SAM3 can be ex-  rent source and one remotest may be slightly
differ- pressed by the following relation:                 ent from each
other. The memory device of Figure 5 [err]              45  can eliminate
this difficulty. When the currentflowing [err]
through the resistor Ro is represented by i4, the follow- When assuming
that the second wiring SAN2 is    ing relations hold: not formed, that is,
when the memory device has the prior art structure, the following relation
holds:  50             [err] According to this embodiment, therefore, it
can be un-  When the first and second wirings SAN1 and SAN2 derstood that
the voltage drops AV12 and [err] can be  are constructed so as to have
parasitic resistance effectively reduced as compared with the prior art
lev-  5    equal to each other, The value of the resistance Ro can be
expressed us- 4  



7                   EP 0 380 109 B1                     8 ing the parasitic
resistance [err][ of thefirstwiring SANI  cinity of one end of said sense
amplifier block, as follows:
said memory device further comprises: where k is a constant. Then, the
following relations   to said sense amplifiers (SAM1-SAM,), one end can be
obtained from expressions (12) - (14):  5       of said first wiring being
connected to said current When assuming
wiring at one of said sense amplifiers (SAMn) k = 2  (20)
10      which is most separated from said current source that is assuming
the value of the resistor Ro is twice  (2). the value of the parasitic
resistance R3, [err]                                       2. A
semiconductor memory device according to The voltage drops AV12 and AV23
between sense am-      claim 1, said memory device further comprising
plifiers SAM1 and SAM2 becomes as follows:    15       a strip (SAN)
including said first and said second [err]
wirings (SAN1, SAN2) and made of a conductor Consequently, the voltage
drops AV12 and [err] in    material, said strip (SAN) elongating along said
the embodiment of Figure 5 can be significantly re-   row of said sense
amplifiers (SAM1-SAMn), one e                           nd of said strip
being connected to said current duced as compared with the prior art
device, and moreover the voltage drops [err]   can be   20  source, said
strip being divided into first and sec- ond sections as said first and said
second wirings equalized. It can be understood from this fact that the  by
a slit(SL)as said first and said second wirings resistor Ro has a function
which eliminates the effect  by a slit (SL) which elongates along said row
of of the parasitic resistance of the second wiring SAN2, and thereby
uniformly reducing possible voltage        tions (SAN1, SAN2) being
connected with each drops in the wirings connected to the sense amplifi-
25  other at both ends. ers. The voltage changes in the bit lines BLA1,
BLB1, BLAn and BLBn in the embodiment of Figure 5 is sub-  3. A
semiconductor memory device according to stantially similar to those shown
in Figure 3.          one of claims 1 or 2, wherein said memory device
amplifiers are illustrated. It Is apparent that the num-  said one end of
said  current source  (2) and berofsense amplifiers in a memory devicefirst
section of said strip. to the invention is not restricted to three.
According to the present invention, as above de- scribed, a sense amplifier
disposed most remote from a current source (the current source 2 in the
illustrat-  35   Patentansprobche ed embodiments) can be allowed to perform
the     I1. Halbleiter-Speichervorrichtung, die folgendes sense operation
with almost the same speed of re-      aufweist einen
Abtastverstirkerblock, in dem ei- sponse as that of another sense amplifier
nearest to the current source, which means considerable im- provement in
the data read rate in the performance of  40  in elner Reihe angeordnet
sind, und eine Strom- the semiconductor memory device. In a highly inte-
quelle (2), die in der Nahe von einem Ende des the semiconductor memory
device.In a high inte-          Abtastverstdrkerblocks angeordInet ist,
grated semiconductor memory device which involves
woediSechrrihtgwierf- increased wiring length and accordingly increased
wdeSte parasitic resistance, the arrangement of the invention  g 45
eine erste Verdrahtung bzw. Leiterbahn- is particularly advantageous in
that voltage drop due   egng (sNe  gemeinhin andi Leeer- to the parasitic
resistance of the wiring can be re-   btlrker (SAN1-SAdieagemchinssn is wei
duced so that the sense amplifiers are allowed to op-  em  Ende
derM-SerstenVesrhtun     iter erate at higher speed in order to perform
higher-      banbEngm der strq e2er bunden 50      bzw. an diese
angeschlossen ist, gkennzielch- net durch Claim
siene zweite Verdrahtung bzw. Leiterbahn- belegung (SAN2), die die
Stromquelle (2) mit 1. A semiconductor memory device comprising: a
dem anderen Ende derersten Verdrahtung belel- sense amplifier block in
which block a plurality of r s  nem der Abtastverstirker (SAM) verbindet,
der am weitesten von der Stromquelle (2) beabstan- sense amplifiers
(SAMo-SAM) are arranged VI adt t row and a current source (2) disposed in
the vi-   dtIst.   



7                   EP 0 380109 B1 ing the parasitic resistance R3 of the
firstwiring SANI  cinity of one end of said sense amplifier block, as
follows:                                                 said memory device
further comprises: [err]                                      a first
wiring (SAN 1) connected commonly where k is a constant. Then, the
following relations  to said sense amplifiers (err), one end can be
obtained from expressions (12) - (14):  5       of said firstwiring being
connected to said current When assuming
wiring at one of said sense amplifiers (SAMn) k = 2  (20)
10      which ismostseparatedfromsaidcurrentsource that Is assuming the
value of the resistor [err] is twice  (2). the value of the parasitic
resistance R3, [err]                                     2. A semiconductor
memory device according to The voltage drops [err]   between sense am-
claim 1, said memory device further comprising pliflers [err] becomes as
follows:    15       a strip (SAN) including said first and said second
Consequently, the voltage drops [err]  in     material, said strip (SAN)
elongating along said the embodiment of Figure 5 can be significantly re-
row of said sense amplifiers (err) one duced as compared with the prior art
device, and       end of said strip being connected to said current
moreover the voltage drops [err] can be It can be understood from sections
as said first and said second wirings of the parasitic resistance of the
second wiring SAN2, and thereby uniformly reducing possible voltage
tions (SAN1, SAN2) being connected with each drops in the wirings connected
to the sense amplifi-  25  other at both ends. ers. The voltage changes in
the bit lines BLA1, BLB1, [err] in the embodiment of Figure 5 is sub-  3. A
semiconductor memory device according to stantially similar to those shown
in Figure 3.         one of claims 1 or2, wherein said memory device
further comprises a resistance means (err) which 30      is connected
between said current source (2) and amplifiers are illustrated. It is
apparent that the num- said one end of said first wiring (SANI) or said
berof sense amplifiers in a memory device according    first section of
said strip. to the invention is not restricted to three. According to the
present invention, as above de- scribed, a sense amplifierdisposed most
remote from a current source (the current source 2 in the illustrat-  35
Patentansprriche ed embodiments) can be allowed to perform the      1.
Halbleiter-Speichervorrichtung, die folgendes sense operation with almost
the same speed of re-      aufweist einen Abtastverst~rkerblock, In dem el-
sponse as that of another sense amplifier nearest to the current source,
which means considerable im- in the data read rate In the performance of
40  in einer Reihe angeordnet sind, und eine Strom- the semiconductor
memory device. In a highly inte-     Abtastveritarkerblocksngeordnet is%
grated semiconductor memory device which involves
wobersdiekelcneordhne  ite increased wiring length and accordingly
increased           wobeispu parasitic resistance, the arrangement of the
invention  gendes aufweist Is particularly advantageous in that voltage
drop due  belegung (SAN1), die gemeinhin an die Lesever- to the parasitic
resistance of the wiring can be re-     blgn  SN) i  eeni  ndeLsvr to the
parasitic resistance of the wiring can be re-   stArker (SAM,-SAMj)
angeschlossen ist, wobei duced so that the sense amplifiers are allowed to
op-  ei End  der ersten Verdrahtung bzw. Leiter- erate at higher speed in
order to perform higher-      bahnbelegung mit der Stromquelle (2)
verbunden speed data reading.                            50      bzw. an
diese angeschlossen ist, gekennzeich- net durch Claims
eine zweite Verdrahtung bzw. Leiterbahn- belegung (SAN2), die die
Stromquelle (2) mit 1. A semiconductor memory device comprising: a
dem anderen Ende dererstenVerdrahtung bei ei- sense amplifier block in
which block a plurality of  nem der Abtastverstirker (SAMj) verbindet, der
sense amplifiers (SAM1-SAMn) are arranged in a     am weitesten von der
Stromquelle (2) beabstan- row and a current source (2) disposed in the vi-
det ist. 5    9                   EP 0 380109 B1                 10    |
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2. Halbleiter-Spelchervorrichtung.gemaBAnspruch       second cAblages par
une fente (SL) qui se prolon- 1, wobei die Spelchervorrichtung ferner elnen
ge le long de ladits rang~e deadits amplificateurs Strelfen (SAN) aufwebst,
der die ersto und die     de detection, lesditbs premiere et seconde sec-
zwelte Verdrahtung (SAN1, SAN2) umfalt und         tions (SANI, SAN2) etant
reilies entre elles aux aus einem leitenden Material hergestellt ist, wo-
5  deux extremites. bel sich der Streifen (SAN) entlang der Reihe der
AbtastverstArker (SAM,-SAMj) erstreckt, wobei  3. Dispositif memoire A
seml-conducteurs solon sin Ends des Streifens mit der Stromquelle ver-
I'une des revendications I ou 2, dans lequel ledit bunden bzw. daran
angeschlossen ist, wobei der     dispositif memoire comprend en outre un
moyen Streifen ebenso wie die erste und die zweite Ver-  lo  de r6sistanco
(Ro) qui est reli6 entre ladito source drahtung durch eonen Schlitz (SL) in
erste und     de courant (2) et ladite premiere extremiti dudit zweite
Abschnitte unterteilt ist, der sich entlang  premier cablage (SANI) ou
laditb premiere sec- der Reihe der Abtastverstairker erstrecit, wobel
tion de ladite bands. die ersten und zweltsn Abschnitte (SAN1, SAN2)
miteinander an beiden Enden verbunden sind.    15 3.
Halblelter-Speichervorrichtung gemra  elnem derAnspruche I oder 2, bei der
die Speichervor- richtung weiter sine Widerstandseinrichtung (Ro) aufweist,
die zwischen der Stromquelle (2) und   20 dem einen Ends der ersten
Verdrahtung (SAN1) odor dem ersten Abschnitt des Streifens ange- schlossen
ist. 25 Rovendications 1. Dispositif m6moire a semi-conducteurs compre-
nant: un bloc d'amplificateurs de d6tection, bloc dans lequel une multitude
d'amplificateurs de d6-  30 tection (SAM1 A SAMJ) sont agences en une ran-
gee et dans Isquel une source de courant (2) est dispos6e au voisinage
d'une premlire extr6mit6 dudit bloc d'amplificateurs de ditection, ledit
dispositif mimoire comprenanten ou-  35 tre: un premiercablage (SANI) reIli
de maniA- re commune auxdits amplificateurs de detection (SAM, & SAMn), une
premiere extremite dudit j....-'  premier cAblage etant reliee A ladite
source de   40 courant (2), caract6ris6 par un second cablage (SAN2)
reliant ladite source de courant (2) A l'autre extremite dudit premier
cablage a l 'un desdits amplificateurs de d6tection (SAMJ) qui est le plus
separe de ladito  45 source de courant (2). 2. Dispositif memoire A
semi-conducteurs solon la revendication 1, ledit dispositif memoire compre-
nant en outre une bands (SAN) Incluant ledit pre-  so mier et ledit second
cablages (SANI, SAN2) et qui eat constituee d'un materiau conducteur, la-
ditb bands (SAN) se prolongeant le long de ladite rangee desdits
amplificateurs de detection (SAM, A SAMn), une premibre extremite de ladite
55 bands etant reliee a laditb source de courant, la- dite bands etant
divisee en des premiere et se- conde sections de meme quo ledit premier et
ledit 6    


