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the load transistor and the control transistor in each current branch are
P-type transistors. Because bit The invention relates to an integrated
field-effect  lines in a memory are usually precharged to almost transistor
memory circuit comprising memory cells  the positive supply voltage in
order to sustain the data which are arranged in rows and columns, each col-
5   integrity of the memory cell during the reading of the umn of memory
cells being connected to a bit line and  cell, the absolute voltage
difference between the gate a non-bit line by way of selection meansi and
also  and the source of the control transistor should be comprising at
least one sense amplifier which com-  greater than the threshold voltage of
this transistor. prises a first and a second input for coupling to a bit
When instead of P-type N-type control transistors are line and an
associated non-bit line of a column, each   10  used, therefore, the gate
voltage should usually be of which is coupled to a supply terminal via a
load,  higher than the positive supply voltage, thus necessi- which sense
amplifier performs a current measure-  tating the use of an additional
circuit for generating ment on the first and the second inputduring the
read-  said gate voltage. ing of information on the first and the second
Input,  Another embodiment of an integrated memory in and which sense
amplifier comprises a parallel con-  15  accordance with the invention is
characterized in that nection of a first and a second current branch, each
in each current branch a width/length ratio (W/L) of current branch
comprising a control transistor having  the load transistor is
substantially equal to the a gate, a source and a drain, the source of the
control  width/length ratio (W/L) of the control transistor. Sim-
transistor in the first and the second current branch  ulations performed
on such a memory have demon- being connected to the first and the second
input, re-  20  strated that the voltages on the gates of the control
spectively. Amemory circuit of this kind is known from  transistors are
thus not latched to one of the voltages the article "Design tricks speed up
INMOS's SRAMS"  on the supply terminals. Consequently, a sense am- in
"Electronics", April 16, 1987, p. 34. The cited article  plifier in an
integrated memory in accordance with the describes a memory circuit In
which a sense amplifier  invention is a self-restoring type, thus
preventing the senses and amplifies the Information on bit lines by   25
setting of one of the transistors from leaving the sat- detection of
current instead of detection of voltage dif-  uration region. Moreover, the
implementation of such ferences. Consequently, the processing speed of    a
sense amplifier on a chip is very simple. such a sense amplifier is
substantially independent of  Embodiments in accordance with the invention
the parasitic bit line capacitance, so that a memory  will be described in
detail hereinafter with reference design may be simpler.
30  to a drawing; therein: It is inter alia an object of the invention to
provide  Fig I shows an embodiment of a sense amplifier an implementation
of such an integrated memory cir-   in accordance with the invention, and
cuit in which also the susceptibility to interference is  Fig. 2 shows an
embodiment of an integrated less.
memory comprising several sense amplifiers in To achieve this, an
integrated field-effect transis-  35  accordance with the invention. tor
memory circuit in accordance with the invention is  Fig. 1 shows an
embodiment of a sense amplifier characterized in that the gate of the
control transistor  in accordance with the invention. The sense amplifier
(T1,T2) in each current branch is connected to the  comprises 4
PMOS-transistors T1, T2, T3 and T4. drain of the control transistor (T1,T2)
in the other cur-  The sources of the transistors T1 and T2 are connect-
rent branch, the channel of a load transistor (T3,T4),  40  ed to the first
Input C and the second input D, respec- comprising a gate, a source and a
drain, being con-  tively, of the sense amplifier. The Junction points C
nected in between the drain of the relevant control  and D are also
connected to bit lines BL and BLN of transistor (T1,T2) and a supply
terminal (Vss) in each  a memory column, which bit lines BL and BLN are
current branch, the load transistor (T3,T4) and the  each connected tothe
supplyterminal VDDvia a load control transistor (T1 ,T2) in each current
branch hay-  45   1 and a load 1N, respectively. A number of N memory ing
their width/length ratio (W/L) substantially equal  cells, only two of
which are shown in Fig. 1 for the to each other, said load transistor
(T3,T4) being of the  sake of clarity, are connected to the bit lines BL
and same conductivity type as the control transistor (T1,  BLN. Using known
techniques, a single memory cell T2) in the relevant current branch, the
coupled gates  in a memory column can be selected, that is to say by of
said load transistors (T3,T4) receiving a selection   50  way of row
selection transistors which connectthe bit signal for the selective
activation of the sense ampli  line and the non-bit line to the memory
cell. The drain fier. An integrated memory in accordance with the in-  of
the transistors T1 and T2 is connected to the vention offers the advantage
that the sense amplifier  source of the transistors T3 and T4,
respectively, and is constructed using only 4 transistors, the 4 transits-
to junction points Aand B, respectively. The drains of tors providing full
equalization of the voltages on the   55  the transistors T3 and T4 are
connected to data lines inputs of the sense amplifier.
DL and DLN, respectively. The gates of the transis- An embodiment of an
integrated memory in ac-   tors T3 and T4 receive a common selection signal
cordance with the invention is characterized in that  YSELj. The selection
signal YSELj selects a column 2    
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gates of the transistors T1 and  amplifier in accordance with the invention
offers the T2 are connected to the drains of the transistors T2  advantage
that the sensing delay of the sense ampli- .and TI, respectively. The bit
lines BL and BLN have  fler is substantially independent of the bit line
capac- a parasitic bit line capacitance CBL and CBLN, re-  Itance CBL or
CBLN, because no or substantially no spectively, shown in parallel between
respective   5   discharging of the bit line capacitance Is required for
_..~  junction points C and D and the supply terminal VSS  reading the
Information in the memory cell i. in Fig. 1.
Simulations performed on a sense amplifier in The operation of the circuit
shown in Fig. I is as  accordance with the invention have demonstrated
follows: the bit lines BL and BLN are first charged via  that for
substantially the same width/length ratios the loads I and I N, so that the
setvoltage on thejuno-  lo  (WIL) of the transistors TI and T3, and T2 and
T4, re- tion points C and D assumes a value between the vol-  spectively,
the voltages on the junction points A and tages on the supply terminals VSS
and VDD (usually  B are not latched to one of the voltages on the supply
approximately 4 V in the case of a supply voltage  terminals. This offers
the advantage that a sense am- amounting to 5 V). Consequently, the
junction points  plifier in accordance with the Invention is self- Aand B
carrya voltage which Is one threshold voltage  i5  restoring, so that the
setting of the transistorT3 orT4 of the transistors T1 and T2 lowerthan the
set voltage  will not leave the saturation region. on the junction points C
and D (approximately 3 V for  There are two ways of deriving an output
signal a threshold voltage of approximately 1 Vfor a set vol-  from the
sense amplifier first of all by measurement tage of approximately4 V). When
the selection signal  of a voltage difference on the junction points Aand
B, YSEL is subsequently logic low, the transistors T3   20  and secondly
via difference in currents through the and T4 are turned on. The
transistors T1, T2, T3 and  first current branch, via the transistors TI
and T3, to 'z&   T4 are proportioned so that they are all operative in  the
data line DL and through the second current the saturation region when
information on the bit lines  branch, via the transistors T2 and T4, to the
non-data BL and BLN is read by the sense amplifier. For sub-  line DLN.
stantlally the same dimensions of the transistors T1   25  Inthefirstcase
avoltagedifferencewilloccurbe- and T3, and T2 and T4, respectively, the
voltage dif-  tween the junction points A and B due to the appear- ferences
between the gate and the source of thetran-  ance of a difference current I
through the transistors sisters TI and T3, and T2 and T4, respectively, are
T3 and T4. For a further amplification the junction the same because of the
equal currents through the  points A and B may be connected to a further
sense transistors TI and T3, and T2 and T4, respectively.  3o  amplifier
stage, in which case the drains of the tran- For a voltage difference VI
and V2 between the gate  sistors T3 and T4 can be connected to the supply
ter- and the source of the transistors TI and T3, and T2  minal VSS. and
T4, respectively, theJunction pointsAand B carry  In the second case the
currents through the tran- a voltage VI and V2, respectively (selection
signal  sisters T3 and T4 can be applied to a second amplifier YSELj is
logic low). The gate of the respective tran-  35  stage, via the data lines
DL and DLN, in which a cur- sistor T1 and T2 thus carries a voltage V2 and
VI, re-  rent difference can be converted into a voltage differ-
spectively. The junction points C and D thus carry a  ence. voltage (VI
+V2). Afterthe selection of a single mem-  Fig. 2 shows an embodiment of an
integrated ory cell i in the column j, either the junction point C or
memory in accordance with the invention which com- the junction point D
will be slightly discharged by a   40  prises several sense amplifiers 4j,
4j+I etc, whose i>   discharge current 1, depending on the information in
output signals are applied to the data lines DL and the memory cell i. By
way of example it Is assumed  DLN via mutually different currents. Elements
In Fig. In Fig. I that the junction point C Is slightly dis-  2 which
correspond to elements of Fig. I are denoted charged. The voltage on the
junction point C slightly  by corresponding references. The outputs of the
decreases due to the discharge current 1. Because  45  sense amplifiers 4j,
4J+I etc. are connected to com- the voltages on the junction points C and
D, however,  mon data lines DL and DLN. The sense amplifiers are maintained
equal by the sense amplifier In accor-  4j+1 etc. are constructed in the
same way as the dance with the invention (equalization effect), the  sense
amplifier 4j. The memory cells I in the column sense amplifier also
decreases the voltage on the  j and the bit line capacitances CBL and CBLN
have junction point D to the same extent as the voltage de-  6o  been
omitted in Fig. 2 for the sake of clarity, but are crease on the junction
point C. Said voltage decrease  indeed present in the circuit. The loads I
and IN of on the junction point D is realised by way of a dis-  Fig. I
consist of NMOS-transistors 1 which are con- charge current 1. The
difference between the drain  nected as diodes. However, they may
alternatively be currents of the transistors T3 and T4 amounts to the
formed by PMOS-transistors connected as diodes. current 1, being equal to
the discharge current I of the  66   Between each of the data lines DL and
DLN and the memory cell L. Because of the intrinsic equalization  supply
terminal VSS there is Included an NMOS- effect on the voltages on the
junction points C and D  transistor TI5, T16, respectively, connected as a
di- (being connected to the bit lines BLand BLN), a sense  ode.
Furthermore, a further amplifier stage 20 is con- 3    
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lines DL and DLN. A buffer circuit  equal to each other, said load
transistor (T3,T4) 30Is connected to outputAAof the amplifierstage 20,
being of the same conductivity type as the con- which buffer circuit
produces an output signal on out-  trol transistor (T1, T2) in the relevant
current put BB.                                               branch, the
coupled gates of said load transistors The operation of the circuit shown
in Fig. 2 is as   s  (T3 ,T4) receiving a selection signal for the selec-
follows: after the selection of a single desired sense  tive activation of
the sense amplifier. amplifier 4j in a memory column J by means of a se-
lection signal YSELj, the information is transferred  2. An integrated
field-effect transistor memory cir- from a selected memory cell I in the
relevant column  cuit as claimed In Claim 1, characterized in that j to the
data lines DL and DLN by way of currents  10  the load transistor (T3,T4)
and the. control tran- which are mutually different. The currents through
sistor (TI ,T2) in each current branch are P-type the data lines DL and DLN
are applied to the supply   transistors. terminal VSS by means of the
transistors T15 and T18, said currents being converted into voltages be-
3. An integrated field-effect transistor memory cir- cause ofthe diode
effectofT15and TI6. Because the   15  cult as claimed in Claim I or 2,
comprising sev- value of the currents through the data lines DL and   eral
sense amplifiers (4j, 4j+1) which are con- DLN differs (i.e. the current
1), different voltages are  nected to the same date bus (DL,DLN) at the
out- applied to the inputs of thefurtheramplifler stage 20.  put side,
characterized in that between the data The inputsignals arefurtheramplified
in the amplifier  bus (DL, DLN) and a supply terminal (Vss) there stage20
and applied, via the outputAA, to a buffercir-  20  is included a
field-effect transistor (T15) which is cult 30. The buffer circuit 30
outputs an output signal  connected as a diode. K>    having CMOS output
levels on the output BB. Patentansprfuche Claims
25 1. Integrierte Feldeffekttransistor-Speicherschal- 1. An integrated
field-effect transistor memory cir-  tung mit in Zeilen und Spalten
angeordneten cuit comprising memory cells (L.n) which are ar-
Spelcherzellen (I. .n), wobei Jede Spalbt aus ranged In rows and columns,
each column of         Speicherzellen (i ... n) OberSelektionsmittel mitei-
memory cells (i..n) being connected to a bit line   so  ner Bitleitung und
elner Nicht-Bitleitung verbun- and a non-bit line byway of selection means,
and   den ist, sowie mit mindestens elnem Leseverstar- also comprising at
least one sense amplifier       ker, der elnen ersten und elnen zweiten
Eingang which comprises a first and a second input (C,D)   (C, D) zum
Koppeln mit einer Bitleitung und einer for coupling to a bit line and an
associated non-  zugeh&rigen Nicht-Bitleitung einer Spalte um- bit line of
a column, each of which Is coupled to a   35  faSt, von denen jeder Ober
eine Last (1, IN) mit supply terminal (VDD) via a load (1,IN), which
einem Versorgungsanschlul& (VDD) gekoppelt
senseamplifierperformsacurrentmeasurement         ist, wobel der
Leseverstarker wahrend des Le- on the first and the second input (C,D)
during the  sens von am ersten und am zweiten Eingang (C, reading of
Information on the first and the second  D) vorhandenen Informationen eine
Strommes- input (C,D), and which sense amplifier comprises  40  sung am
ersten und am zwelten Elngang (C, D) a parallel connection of a first and a
second cur-  ausfOhrt, und wobel derLeseverstirker eine Par- rent branch
(TI,T3;T2,T4), each current branch     allelachaltung aus einem ersten und
einem zwei- (TI,T3;T2,T4) comprising a control transistor     ten
Stromzweig (T1, T3; T2, T4) enthfilt, wobeije- (T1,T2) having a gate, a
source and a drain, the   der Stromzweig (T1, T3; T2, T4) einen Steuer-
source of the control transistor (TI,T2) In the first  45  transistor (TI,
T2) mit einem Gate, elner Source and the second current branch being
connected      und elnem Drain umlaut, wobei die Source des to the first
and the second input (C,D), respec-   Steuertransistors (TI, T2) im ersten
und Im zwei- tively, characterized in that the gate of the control  ten
Stromzweig mit dem ersten bzw. zweiten Emn- transistor (TI,T2) In each
current branch Is con-  gang (C, D) verbunden ist, dadurch gekennzeich-
nected to the drain of the control transistor  5o  net, dalI das Gate des
Steuertransistors (TI, T2) (T1 ,T2) in the other current branch, the
channel  in jedem Stromzweig mit dem Drain des Steuer- of a load transistor
(T3,T4), comprising a gate, a  transistors (TI, T2) in dem anderen
Stromzweig source and a drain, being connected in between     verbunden
ist, in jedem Stromzweig der Kanal ei- the drain of the relevant control
transistor (T1,T2)  nes Lasttransistors (T3, T4), welcher ein Gate, ei- and
a supply terminal (Vss) in each current  ss    ne Source und ein Drain hat,
zwischen den Drain branch, the load transistor (T3,T4) and the con-   des
betreffenden Steuertransistors (TI, T2) und trol transistor (TI,T2) in each
current branch hav-  einen VersorgungsanschluB (Vss) geschaltet ist, ing
their width/length ratio (W/L) substantially   wobel des
Breiten/Lingenverhiltnis (WIL) des 4    5                   EP 0 400 728 B1
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nected to the data lines DL and DLN. A buffer circuit   equal to each
other, said load transistor (T3,T4) 30is connected to outputAAof the
amplifierstage 20,     being of the same conductivity type as the con-
which buffer circuit produces an output signal on out-  trol transistor
(TI, T2) in the relevant current put BB.
branch, the coupled gates of said load transistors The operation of the
circuit shown in Fig. 2 is as   5  (T3 ,T4) receiving a selection signal
for the seleco follows: after the selection of a single desired sense  tive
activation of the sense amplifier. amplifier 4j in a memory column j by
means of a se- lection signal YSELj, the information is transferred  2. An
integrated field-effect transistor memory cir- from a selected memory cell
i In the relevant column    cult as claimed in Claim 1, characterized in
that J to the data lines DL and DLN by way of currents  lo   the load
transistor (T3,T4) and the control tran- which are mutually different. The
currents through      sistor (TI,T2) in each current branch are P-type the
data lines DL and DLN are applied to the supply     transistors. terminal
VSS by means of the transistors T15 and T16, said currents being converted
into voltages be-  3. An integrated field-effect transistor memory cir-
cause of the diode effect of TI 5 and T16. Because the   is  cult as
claimed in Claim I or 2, comprising sev- value of the currents through the
data lines DL and     eral sense amplifiers (4j, 4J41) which are con- DLN
differs (i.e. the current 13, different voltages are  nected to the same
data bus (DL,DLN) at the out- applied to the Inputs of the further
amplifier stage 20.  put side, characterized in that between the data The
inputsignals are furtheramplifled in the amplifier  bus (DL, DLN) and a
supply terminal (Vys) there stage 20 and appliedivia the outputAA, to a
buffercir-  20  is included afield-effect transistor (TI5) which is cult
30. The buffer circuit 30 outputs an output signal  connected as a diode.
having CMOS output levels on the output BB. PatentansprOche Claims
25 1. Integrierte Feldeffekttransistor-Spelcherschal- 1. An integrated
field-effect transistor memory cir-    tung mit in Zeilen und Spalten
angeordneten cuit comprising memory cells (i..n) which are ar-
Speicherzellen (i ... n), wobel jede Spalte aus ranged in rows and columns,
each column of           Speicherzellen (i ... n) Ober Selektionsmittel
mitei- memory cells (L.n) being connected to a bit line   so  ner
Bitleitung und einer Nicht-Bitleltung verbun- and a non-bit line byway of
selection means, and     den lt, sowie mit mindestens einem Leseverstir-
also comprising at least one sense amplifier         ker, der ainen ersten
und einen zweiten Eingang which comprises a first and a second input (C,D)
(C, D) zum Koppeln mit einer Bitleitung und einer for coupling to a bit
line and an associated non-    zugehorigen Nicht-Bitleitung elner Spalte
um- bit line of a column, each of which is coupled to a   35  falt, von
denen jeder Ober elne Last (1, 1N) mit supply terminal (VDD) via a load
(1,1N), which       einem Versorgungsanschlul  (VDD) gekoppelt sense
amplifier performs a current measurement       ist, wobei der
LeseverstArker wihrend des Le- on the first and the second input (CD)
during the   sens von am ersten und am zweiten Eingang (C, reading of
information on the first and the second   D) vorhandenen Informationen sine
Strommes- input (C,D), and whichsense amplifiercomprises   40  sung am
ersten und am zweiten Eingang (C, D) a parallel connection of a first and a
second cur-   ausf0hrt, und wobel der Leseverstirker eine Par- rent branch
(T1,T3;T2,T4), each current branch       allelachaltung aus einem ersten
und einem zwei- (TI ,T3;T2,T4) comprising a control transistor       ten
Stromzweig (T1, T3; T2, T4) enthilt, wobei je- (T1,T2) having a gate, a
source and a drain, the     der Stromzweig (TI, T3; T2, T4) elnen Steuer-
source cf the control transistor (TI ,T2) in the first  45  transistor (TI,
T2) mit einem Gate, einer Source and the second current branch being
connected        und einem Drain umfalt, wobei die Source des to the first
and the second input (C,D), respec-     Steuertransistors (T1, T2) im
ersten und im zwei- tively, characterized in that the gate of the control
ten Stromzweig mit dem ersten bzw. zwelten Emn- transistor (TI ,T2) in each
current branch is con-   gang (C, D) verbunden ist, dadurch gekennzeich-
nected to the drain of the control transistor   so   net, dal das Gate des
Steuertransistors (TT2) (T1 ,T2) in the other current branch, the channel
in jedem Stromzweig mit dem Drain des Steuer- of a load transistor (T3,T4),
comprising a gate, a   transistors (TI, T2) in dern anderen Stromzweig
source and a drain, being connected In between       verbunden ist, in
jedem Stromzweig der Kanal el- the drain of the relevant control transistor
(TI ,T2)  nes Lasttranslstors (T3, T4), welcher ein Gate, ei- and a supply
terninal (Vss) in each current  as      ne Source und ein Drain hat,
zwischen den Drain branch, the load transistor (T3,T4) and the con-     des
betreffenden Steuertransistors (TI, T2) und trol transistor (T1 ,T2) in
each current branch hav-  einen VersorgungsanschluS (Vess) geschaltet ist,
ing their width/length ratio (WIL) substantially     wobel das
BreiteniLAngenverhAltnis (WIL) des 4    7                   EP 0 400 728 B1
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Lasttransistors (T3, T4) und des Steuertransi-    transistor de charge (T3,
T4) comprenant une stors (TI, T2) in jedem Stromzweig nahezu Sin-
grille, une source et un drain etant connecte entre ander gleich sind, der
genannte Lasttranslstor    Is drain du transistor de commando on question
(T3, T4) vom gleichen Leitungstyp wie der Steu-   (TI, T2) et une borne
d'alimentation (Vss) de cha- ertransistor (T1, T2) in dem betreffenden
Strom-   5  que branche de courant, le transistor de charge zweig ist und
die gekoppelton Gates der genann-    (T3, T4) et le transistor de commande
(TI, T2) de ton Lasttransistoren (T3, T4) sin Selektionssl-    chaque
branche de courant ayant un rapport lar- gnal zur selektiven Aktivierung
des Leseverstair-  geur/longueur (1JL) sensiblement egal, ledit tran- kers
empfangen.                                    sistor de charge (T3, T4)
etant du meme type de 10      conductiviti quo le transistor de commands
(TI, 2. Integrierto  Feldeffekttransistor-Spoicherschal-   T2) dans la
branche de circuit concernee, les gril- tung nach Anspruch 1, dadurch
gekennzeichnet,     les couplees desdits transistors de charge (T3, dalB
der Lasttransistor (T3, T4) und der Steuer-   T4) recevant un signal de
selection pour l'activa- transistor (TI, T2) in jedem Stromzweig p-Tran-
tion selective de l'ampllficateur de lecture. sistoren sind.
15 2. Circuit integre de memoire a transistors A effet de 3. Integrierte
Feldeffekttransistor-Speicherschal-   champ solon la revendication 1,
caracteriseen ce tung nach Anspruch I oder 2, mit mehreren Le-      quo le
transistor de charge (T3, T4) et le transis- severstarkern (4j, 4j+1), die
an der Ausgangssel-  tor de commando (TI, T2) de chaque branche de to mit
dem gleichen Datenbus (DL, DLN) verbun-  20  courant sont des transistors
de type P. den sind, dadurch gekennzeichnot, daM zwischen K>      dem
Datenbus (DL, DLN) und sinem Versor-        3. Circuit integre de memoire A
transistors A effetde gungsanschlull (Vas) sin als Diode geschaltetbr
champ solon la revendication 1 ou 2, comprenant Feldeffekttransistor (T15)
enthalten ist.          plusleurs amplificateurs de lecture (4j, 4J+I) qui
25      sont connectes au mime bus de donnees (DL, DLN) du dote de sortie,
caracterise en ce qu'entre Revendications
lee bus de donnees (DL, DLN) et une borne d'ali- mentation (Vas) est inclus
un transistor A effet de 1. Circuit intigri de memoire A transistors A
effetde  champ (T15) qui est connecto en diode. champ comprenant des
cellules de memoire  30 (i...n) quil sont agencees en rangies et oolonnes,
chaque colonne de collules de memoire (i...n) etant connectee A une ligne
de bit et A une ligne de non-bit A l'aide de moyens de selection, et
comprenant egalement au moins un amplifica-  35 teur de lecture qui
comprend une premiere st une deuxieme entries (C, D) A coupler A une ligne
de bit et A une ligne de non-bit associee d'une colon- ne, chacune d'elles
etant couplee A une borne d'alimentation (VDD) via une charge (1, IN),
ledit  40 amptificateur de lecture effectuant une mesure de courant sur la
premiere et la deuxilme entries (C, D) au cours de la lecture des
informations sur la premiere et la deuxieme entrees (C, D), ledit
amplificateur de lecture comprenant, en outre,  45 un montage en parallele
d'une premiere et d'une deuxibme branches de courant (TI, T3; T2, T4),
chaque branche de courant (TI, T3; T2, T4) comprenant un transistor de
commando (TI, T2) comportant une grille, une source et un drain, la  50
source du transistor de commando (TI, T2) de la premibre et de la deuxieme
branches de courant etant connectee A la premlere et a la deuxilme entrees
(C, D), respectivement, caracteriso en ce quo la grille du transistor de
commando (TI, T2)  55 dans chaque branche de courant ost connectee au drain
du transistor de commando (TI, T2) dans l'autre branche de courant, Is
canal d'un 5    


