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to arrival of a signal from one port, a problem arises upon occurrence of
competitive inputs of second, This Invention relates to semiconductor
integrat-  third and following access requests. Suppose in this ed circuits
(ICs).                                 regard that during the execution of
an access oper- Itis known fora semiconductor lCto Include a se-   5
ation according to a first access request received quence circuit, such as
a shift register circuit an ar-  from one port, a next or second access
request is in- bitration circuit or a flip-flop circuit whose output is
putted and, further, a third access request is re- not determined merely by
the present input alone, but  ceived. Then, since no priority order Is
established Is dependent also on past hysteresis. A preferred as-  with
regard to the second and third access request pect of the invention
described in detail below relates  1o  signals, a competitive process
occurs at the comple- to an arbitration circuit Included In a semiconductor
IC  tion of the first access operation, giving rise eventu- for
sequentially giving proper priority to a plurality of  ally to failure to
achieve desired arbitration of such request signals upon occurrence of
competitive in-  signals. puts of various request signals, such as access
re-   In a semiconductor integrated circuit (IC) includ- quests, refresh
requests and so forth.        i5  Ing a sequence circuit such as an
arbitration circuitfor Figure 9 of the accompanying drawings shows a
sequentially giving proper priority to a plurality of re- previously
proposed semiconductor memory unit      quest signals upon occurrence of
competitive inputs having two ports A and B. The memory unit includes  of
such signals, one aspectof the invention resides in a memory core 91 and Is
accessible selectively after  the provision of gate circuits arrayed In the
form of a access requests are outputted respectively from the   20   matrix
with N rows and N-1 columns, gate dosing cir- portsAand B. When a
coincidence In timing happens  cuits for closing the gate circuits in the
other rows and to occur between such access requests, an arbitra-  the same
column, gate opening circuits for opening tion (arbitrate) circuit 92 gives
priority to one access  the dosed gate circuits in the other rows and the
pre- request while suspending the other.                ceding column, and
gate holding circuits for holding Figure 10 of the accompanying drawings
shows   25  thesignals tothegatecircuits inthesame rowand the howthe
arbitration circuit92 maybeconstructed. The  previous columns, thereby
processing three or more circuit 92 comprises two 2-input AND circuits 93
and  request signals in sequence. 94. An outputsignal of each of theAND
circuits 93 and  According to a further aspect of the invention 94 Is
inverted and fed to one input of the other AND  there Is provided an
arbitration circuit Included in a circuit the otherinputs oftheAND circuits
receive the   30  semiconductor integrated circuit, for sequentially giv-
access requests from the ports Aand B, respectively,  ing proper priority
to a plurality of request signals and the output signals of the Individual
AND circuits  upon occurrence of competitive inputs of such re- control
transfer between the ports A, B and the mem-  quest signals to N input
terminals (where N is a natu- ory core 91.
ral number equal to or greater than 3), the arbitration The operation of
the arbitration circuit 92 will now   35  circuit comprising: be described
briefly. It is assumed that, initially, nei-  N Input terminals; ther of
the two ports A and B is outputting an access    N output terminals;
request and both the inputs and outputs of the AND       gate circuits
arrayed to form a matrix with N circuits 93 and 94 are at a low (L) level.
When an aso-  rows and N-1 columns In such a manner that N-1 gate cess
request is received from the port A, the input of  40  circuits are
connected in series between the N Input the AND circuit 93 is switched to a
high (H) level so  and output terminals, respectively; that the output
thereof is changed to a high level. As   gate holding circuits arranged to
be driven in a result, signal transfer between the port A and the  response
to passage of a signal through any one gate memory core 91 is rendered
possible. Meanwhile, the  circuit and operative to hold, until completion
of Input- output of the AND circuit 93 is inverted and fed to the   45
ting of said signal to said gate circuit, the other signals AND circuit 94.
Therefore, the output of the AND cir-  to the gate circuits in the same row
and the previous cuit 94 is switched to a low level, and Is kept in such
column(s); a state despite the arrival of any access request from   gate
closing circuits arranged to be driven in the port B. That is, the access
request from the port  response to passage of a signal through anyone gate
B is not accepted unless the preceding access re-  s0  circuit and
operative to dose, until completion of in- quest from the port A is halted.
putting of said signal to said gate circuit, the gate cir- Although the
above-described arbitration circuit  cults in the other rows and the same
column except 92 has two ports, recent further diversity of memory  the
gate circuit(s) where the signal is held by the gate units tends to
necessitate enhanced arbitration of re-  holding circult(s); and quest
signals from three or more ports.       S5         gate opening circuits
arranged to be driven in However, where gate circuits are arranged in par-
response to passage of a signal through any one gate allel in
correspondence with the number of ports and  circuit and operative to open
the closed gate circuits any other gate circuits are merely closed In
response  in the other rows and the preceding column. 2 



3                   EP 0 351 157 B1                 4 Preferred embodiments
of the invention descri-  umn immediately before the aforesaid one gate
cir- bed below provide an improved arbitration circuit  cult) Furthermore,
as shown In Figure 4, the gate which is capable of performing proper
arbitration of  holding circuits Ho are driven in response to passage three
or more request signals.                     of a signal through any one
gate circuit and function The invention will now be further described, by
5   to hold the other signals to the gate circuits in the *  way of
illustrative and non-limiting example, with ref-  same row and the previous
columns. (The previous erence to the accompanying drawings, in which:
columns signify those from the first column to the Figure 1 schematically
shows an exemplary gate  preceding column.) The gate holding circuits Ho
per- array in a general form of arbitration circuit em-  form the operation
to cope with the gate dosing op- bodying the Invention;
io  eration and may be provided for the Individual col- Figure 2
schematically Illustrates the function of  umns. Such holding operation is
maintained continu- gate closing circuits In the arbitration circuit;
ously until completion of Inputting of a signal. Figure 3 schematically
Illustrates the function of  The arbitration circuit comprises gate
cdrcuits ar- gate opening circuits in the arbitration circuit;  ranged in N
rows each composed of series-connected Figure 4 schematically illustrates
the function of  *5   N-1 gate circuits, wherein a received signal is
output- gate holding circuits in the arbitration circuit;  ted after
successive passage through the entirety of Figure 5 is a circuit diagram of
an arbitration cir-  the series-connected N-I gate circuits. During the
cuit according to a first embodiment of the inven-  signal passage through
each gate circuit, the gate cir- tion;
cuits In the other rows and the same column are Figure 6 is a timing chart
of signals forexplalning   20  closed by the gate closing circuits and,
simultaneous- the operation of the arbitration circuit of Figure 5;  ly,
the gate circuits in the other rows and the preced- FIgure 7 is a block
diagram of an exemplary sys-  ing column are opened from the dosed state by
the tem employing an arbitration circuit embodying  gate opening circuits.
Consequently, upon complete the invention;
passage of the signal through the gate circuit in the Figure 8 is a circuit
diagram of an arbitration cir-  25  (i)th row and the (j)th column, the
gate circuits in any cuit according to a second embodiment of the In-
other rows than the (pith rows and in the ()th column vention;
are dosed, while the gate circuits in any other rows Figure 9 is a block
diagram of a system incorpor-  than the (I)th row and In the (-I)th column
are ating an arbitration circuit; and               opened. The signal thus
passed through the gate cir- Figure 10 Is a block diagram of a previously
pro-  3o  cuit in the (i)th row and the ()th column is then for- posed
arbitration circuit,                      warded to the next gate circuit
in the (i)th row and the A general form of arbitration circuit embodying
0+1)th column. If the gate circuit In the (i)th row and the invention will
now be described with reference to  the (J+I)th column has already been
dosed by the Figures 1 to 4 which schematically Illustrate the cir-
preceding Input signal, the present input signal is cult. In the
arbitration circuit, gate circuits Gij (I = a   35  brought to a halt In
the state where the gate circuits natural numberfrom I to N;j =a natural
numberfrom  In anyotherrows than the (i)th rowand in the U)th col- I to
N-1) are arrayed In the form of a matrix with N  umn are dosed, and the
signal Is not forwarded any rows and N-1 columns as shown in Figure 1,
wherein  furtherthan the gate circuit in the above column. And, N-1 gate
circuits are connected in series between N  after completion of the
preceding Input signal, the >   (=a natural number greater than 3) Input
terminals  40  gate circuit In the (l)th row and the J+1)th column is and N
output terminals. As shown in Figures 2 to 4,  opened from the closed state
to permit advance of the gate dosing circuits C!, gate opening circuits Op
and  request signal to the 0+1)th column. gate holding circuits Ho are
connected to the gate cir-  The gate holding circuit serves to protect the
In- cults. As shown in Figure 2, the gate dosing circuits  put signal
previously from closure of the gate circuit, Cl are driven in response to
passage of a signal  45  so that the gate circuit In the row relevant to
the pre- through any one gate circuit and dose the gate cir-  ceding signal
Is not closed by any of the fllowing in- cuits in the other rows and the
same column. Al-   putsignals.Thus, whentheinputand otputterminals though
the gate dosing circuits Cl thus function to  are concerned with N rows,
required N-1 data are suf- close the gate circuits in the other rows and
the same  ficient to determine the priority order. Therefore, In a column,
such closing operation Is not performed for  so  construction where the
gate circuits are arranged in the row being held by the gate holding
circuits Ho. And  the form of a matrix consisting of N rows and N-1 col-
the dosing operation Is maintained until completion of  umns, each of the
N-1 columns has information rela- input of the signal (e.g. until halting
of the process re-  tive to the order of input signals, and the priority
order quest). As shown in Figure 3, the gate opening circuits  of the
second and the following is determined by the Op are driven in response to
passage of a signal  s5  condition that the signal of each row Is in which
of the through any one gate circuit and function to open the  columns. 



dosed gate circuits in the other rows and the preced-  Preferred
embodiments of the invention will now ing column. (The preceding column
signifies the col-  be described. 3    5                   EP 0 351 157 B1
6 First Embodiment                                   circuit 5 is switched
to a high level; and the gate cir- cults 4 and 5 are dosed when the output
of the gate A first exemplary arbitration circuit embodying  circuit 6 Is
switched to a high level. Since this column the invention is constructed as
shown in Figure 5,  is the final stage, it is notaffected bythe next
column. wherein gate circuits are arrayed in the form of a ma-   5
Consequently, there Is no need to provide any gate trix consisting of 3
rows and 2 columns (N = 3) to ar-  opening circuits or gate holding
circuits such as the bitrate access requests from ports of three systems.
AND circuits 10 to 12 or 16 to 18. The circultconfiguration will be
explained first As  The gate opening circuits operate in response to shown
in Figure 5, gate circuits I and 4 are connected  passage of a signal
through any one gate circuit and In series between an input terminal a and
an output  so  open the cosed gate circuits in the other rows and the
terminal d, gate circuits 2 and 5 are connected In ser-  preceding column.
In this embodiment, the AND cir- les between an Input terminal b and an
output termi-  cults 10 to 12 have such function. The AND circuits nal e,
and gate circuits 3 and 6 are connected In series  10 to 12 are interposed
between the respective input between an input terminal c and an output
terminal f.  terminals of the gate closing circuits so as to serve as The
gate circuits 1, 2 and 3 constitute a first column  i1  switches. The
output of the gate circuit 4 is fed back and the gate circuits 4, 5 and 8
constitute a second  to the AND circuit 10; the output of the gate circuit
5 column. The gate circuits I to 6 are AND circuits of  is fed back to the
AND circuit 11; and the output of the which the input terminals not
connected In series with  gate circuit 6 is fed back to the AND circuit 12.
For ex- one another are inverse input terminals.           ample, when the
output of the gate circuit 4 Is switch- Relative to the gate circuits I to
6 arrayed to form   20  ed to a high level, it is inversely inputted to the
AND a 3-row, 2-column matrix, gate dosing circuits are  circuit 10.
Therefore, the output of the AND circuit 10 provided for feeding back the
outputs of the relevant  Is switched to a low level, and such low-level
signal is gate circuits and thereby closing the gate circuits In  then
supplied to the OR circuits 14 and 1S so as con- the other rows and the
same column. In this embodi-  sequently to open the closed gate circuits 2
and 3. ment, two-input OR circuits 13, 14, 15 function as   25  The above
operation is performed similarly with re- gate closing circuits for the
gate circuits 1, 2, 3, re-  gard to the AND circuits 11 and 12 as well.
spectively. The individual two Inputs of the OR cir-   The gate holding
circuits operate in response to cults 13, 14, 15 are obtained via AND
circuits 10, 11,  passage of a signal through any one gate circuit and 12,
which function as gate opening circuits as will be  hold other signals to
the other gate circuits in the described later, from the outputs in the
otherrows and   30  same row and the preceding column until completion the
same column. That is: the OR circuit 13 receives  of inputting of the first
signal. More specifically, atthe the outputs of the gate circuits 2 and 3;
the OR circuit  signal Input time, the signals from the gate dosing dir- 14
receives the outputs of the gate circuits I and 3;  cults 13to 15are
Interrupted bymeansoftheANDclr- and the OR circuit 15 receives the outputs
of the gate  cults 16 to 18. Both the outputof the OR circuit 13 and
circuits 1 and 2. Due to such connection, when the   35  the inverted
output of the gate circuit 4 are fed to the output of any one gate circuit
is at a high (H) level, the  AND circuIt 16, whose output is then Inverted
and fed related dosing circuit functions to dose the gate cir-  to the gate
circuit 1. The output of the OR circuit 14 cuits In the same column and the
other rows. The ter-  and the Inverted output of the gate circuit 5 are fed
to minals of the gate circuits 1,2, 3 for receiving signals  the AND
circuit 17, whose output Is then inverted and Y    from the OR circuits 13,
14, 15, respectively, are in-  40  fed to the gate circuit 2. Meanwhile,
the output of the verse Input terminals connected thereto via AND cir-  OR
circuit 15 and the inverted output of the gate cir- cuits 16, 17, 18.
Although depending on another Input  cult 6 are fed to the AND circuit 18,
whose output is level also, the gate circuit  Is closed when the output
then inverted and fed to the gate circuit 3. Due to such ofthe OR circuit
13 is switched to a high level; the gate  connection relationship, the
output of the OR circuit circuit 2 Is closed when the output of the OR
circuit 14   45   13 is interrupted by the AND circuit 16 when the out- is
switched Is switched to a high level; and the gate  put of the gate circuit
4 is switched to a high level, so circuit 3 is dosed when the output of the
OR circuit 15  that the gate circuit I Is not put into its closed state is
switched to a high level.                       despite input of a second
signal to any other row. The gate circuits 4 to 6 are equivalent to the
gate  The arbitration circuit of the construction descri- circuits 1 to 3
with the exception of the AND circuits  so  bed above may be employed as a
component of, for 10 to 12 and 16 to 18 connected thereto. In the gate
example, amemoryunitshown in Figure 7. The circuit circuits 4 to 6,
Inverted inputs are fed to the terminals  configuration of Figure 7 is
designed for arbitrating thereof except those connected in series with one
an-  between access requests from three input/output 



other, and such inverted Inputs are the outputs from  ports (ports I to 3)
to a memory core. The access re- the other rows and the same column.
Therefore: the  55   quest signals received from the three ports are input-
gate circuits 5 and 6 are closed when the output of the  ted to a
synchronising circuit 72, where each of the ac- gate circuit 4 Is switched
to a high level; the gate cir-  cess request signals Is synchronied with
the period cuits 4 and 6 are closed when the output of the gate  of clock
pulses by a flip-flop or the like. Subsequent- 4    i 7
EP O 351 157 B1                 8 ly, the access request signals are fed to
a latch circuit  tration circuit. During such process, the output of the
73. In this example, the latch circuit consists of a J-K  gate circuit I is
switched to a high level so that, in the flip-flopwhose Kterminal receives
the signal from the  first column, the gate circuits 2 and 3 are dosed via
synchronising circuit 72 and whose J terminal re-  the AND crcuit 10 and
the OR circuits 14, 15 merely ceives a signal from a transfer pulse circuit
75. There-   5   for an extremely short time and then are opened im- fore,
the latch circuit 73 is Initialised after generation  mediately by the
feedback output of the gate circuit 4. of a transfer pulse. An output of
the latch circuit 73 Is  Meanwhile, as the output of the gate circuit 4 is
fed to a coincidence circuit 74, which may be so   switched to a high
level, the Inverse inputs of the gate formed as to cause slight mutual
delays among three  circuits 5 8 are at a high level so as consequently to
signal lines in case the pulses are Inputted at the   10  put the gate
circuits 5, 6 in a dosed state. Further- same timing to such signal lines.
For example, If the  more, the signal from the gate circuit 4 Is also
Inverted signal from the port I Is not delayed, the signals from  and fed
to the AND circuit 16 whose output remains the ports 2 and 3 are delayed
for 1/3 and 2/3 of a dock  unchanged at a low level, so that the output of
the period, respectively. Thus, It becomes possible to pre-  gate circuit 1
is not Inverted, despite Inversion of the vent pulses from the three signal
lines being fed to an   15  output of the OR circuit 13. arbitration
circuit 71 atexactly the same timing. When  At a later instant t1, after
the lapse of a 1/3 dock competitive Inputs of access requests from the
indi-  period delay, the access request from the other port vidual ports
occur, the arbitration circuit 71 Is capable  Is Inputted to the terminal
b. Since the gate circuit 2 of sequentially giving priority to the access
requests  has already been opened at this instant, the output of to achieve
successive accesses, as will be described   20  the gate circuit 2 is
switched to a high level. However, later. An exemplary form of construction
of the arbi-  the output of the gate circuit 5 is not switched toa high
tration circuit 71 is shown in Figure 5. The access re-  level because it
Is closed by the signal from the gate quest signals, thus arbitrated, are
fed to the transfer  circuit 4. That is, there occurs a state in which the
so- pulse circuit 75, which then produces output signals  cme request
signal is halted in the preceding column. to control transfer gates between
the memory core  25  When the signal from the gate circuit 2 is switched to
and the Individual ports. For example, when one of  a high level, the
output of the AND circuit 11 Is also the output signals of the transfer
pulse circuit 75 is  changed to a high level so as consequently to switch
switched to a high level, signal transfer is rendered  the outputs of the
OR circuits 13 and 15 to a high lev- possible between the memory core and
the port rel-  el. The output of the OR circuit 13 closes the gate cir-
evant to such signal.                         3o  cuit I via the AND
circuit 16, but in this stage the out- The operation of the arbitration
circuit described  put of the AND circuit 16 has already been set to a low
wit reference to Figures 5 and 7 will now be descri-  level by the signal
from the gate circuit4, whereby the bed with reference to Figure 6.
high-level signal from the OR circuit 13 is not permit- It is assumed that
the input terminals a, b and c  ted to reach the gate circuit 1. Meanwhile,
the high- shown in Figure 5 are connected to the coincidence   35  level
output of the OR circuit 15 Is fed to the gate cir- circuit 74 shown in
Figure 7, and that the output ter-  cuit 3 via the AND circuit 18, thereby
closing the gate minals d, e and f shown in Figure 5 are connected to
circuit 3. the transfer pulse circuit 75 shown In Figure 7. It is
Subsequently, a high-level signal is fed to the tar- also assumed that the
entirety of the gates of the ar-  minal catan Instant t2. However, since
the gate circuit bitratlon circuit are In a low-level state. Assume now
40   3 has already been closed at the instant t1, no change that access
requests are received from the three   is caused in the gate circuit
despite any high-level in- ports exactly simultaneously. Then, the three
access  put to the terminal c. signals are synchronised with the clock
period by the  Assume now that, at a later instant t3, the signal
synchronising cIrcuit 72 and are fed simultaneously to  to the terminal a
Is switched from a high level to a low the coincidence circuit 74 via the
latch circuit 73. In  46  level. Then, the output of the gate circuit I is
changed the coincidence circuit 74, no delay is applied to the  from a high
level to a low level and, similarly, the out- signal to be supplied to the
terminal a, a 113 dock per-  put of the gate circuit 4 is also changed to a
low level. iod delay Ia applied to the signal to be supplied to the  Due to
such change of the output of the gate circuit 4 terminal b, and a 2/3 clock
period delay Is applied to  to a low level, the output of the AND circuit
16 is 



the signai to be supplied to the terminal c.  so  switched to a high level
so as consequently to dose Figure 6 Is a timing chart of the Input signals.
In  the gate circuit 1. Meanwhile, the gate circuits 5 and the arbitration
circuit, the signal at the terminal a Is  6 are opened from the dosed state
and, since the out- changed from a low level to a high level at an Instant
put of the gate circuit 2 has already been switched to to. As a result, the
output ofthe gate circuitI Is switch-  a high level, first the output of
the gate circuit 5 is ad to a high level so that the output of the gate
circuit  as  switched to a high level. It follows therefore that the 4 is
also switched to a high level. Consequently, first  access request signal
from the next port is outputted the signal at the terminal d Is switched to
a high level  from the terminal e. The gate circuits 4 and 6 are and is
outputted as an access request from the arbl-  closed in accordance with
the change of the output of 5    9                   EP 0 351 157 B1
10 the gate circuit 5 to a high level. Also, the output of the  quests
from, forexample, four ports. This example is AND circuit 11 is switched to
a low level due to such  accomplished by modifying the construction of the
change of the output of the gate circuit 5 to a high lev-  above-described
first embodiment to form a gate ar- el. In this stage of theoperation,
theoutputof theAND  ray with 4 rows and 3 columns. circuit 17 remains at a
low level. And, since the out-   5  The construction of the second
embodiment will puts of the AND circuits 10 and 11 are both at a low  now
be described with reference to Figure 8. Gate cir- level, the output of the
OR circuit 15 becomes of low  cults 21 to 32 are arrayed in the form of a
matrix with level. As a result, the output of the AND circuit 18 is  4 rows
and 3 columns. The first row consists of gate changed from a high level to
a low level so as conse-  circuits 21, 25, 29; the second row consists of
gate quently to open the gate circuit 3 from the closed   10  circuits 22,
26, 30; the third row consists of gate cir- state. Accordingly, the output
of the gate circuit 3 Is  cults 23, 27, 31; and the fourth row consists of
gate switched to a high level while the output of the AND  circuits
24,28,32. Gate dosing circuits comprise OR circuit 12 is changed from a low
level to a high level,  circuits 33 to 40, a circuit arrangement for
feeding in- so that the outputs of the OR circuits 13 and 14 are  verted
signals to the gate circuits 29 to 32 In the third also changed toa high
level (with the output of the OR   15  column, and wiring to the gate
circuits 21 to 32 in the circuit 13 remaining at a high level). In a state
Imme-  other rows and the same column. Gate opening cir- diately after the
instant t3, the access request from  cults principally comprise AND
circuits 41 to 48; and the terminal c is kept waiting in the first-row gate
cr-  gate holding circuits principally comprieAND circuits cult differently
from the preceding state.         49 to 56. Each of the AND circuits 49 to
52 has two The access request signal inputted to the termi-  20  Inverse
Input tenminals and Is capable of holding an nal b Is completed at a later
Instant t4. As a result, the  access request signal even when such signal
is exis- outputs of the gate circuits 2 and 5 are switched to a  tent in
the second column as well as in the first col- low level so as consequently
to open the gate circuits  umn. The connection relationship Is similar to
that of 4 and 6. Then, since the outputof the gate circult3 has  the
above-described first embodiment, but the num- already been switched toa
high level, theoutputof the   25  ber of connecting wires required for the
gate opening gate circuit 6 is changed from a low level to a high lev-
circuits becomes greater due to the 4-row, 3-column el, whereby the gate
circuits 4 and 5 are put Into a  array. closed state. In this stage, the
signal from the terminal  In the second embodiment, desired arbitration is
f is switched to a high level so that a transfer pulse is  possible with
respect to 4-row parallel pulse inputs, generated on the basis of the
access request inputted   30  and proper priority can be given sequentially
to sec- to the third port. Meanwhile, the outputof the AND cir-  ond to
fourth access requests. cuit 12 is changed from a high level to a low
level. As  The first and second embodiments of the inven- a result, the
outputs of the OR circuits 13 and 14 are  tion have been described above,
by way of example, both changed from a high level to a lowlevel, and also
as comprising 3-row, 2-column and 4-row, 3-column the output of the OR
circuit 16 is changed to a low lev-  35  gate arrays, respectively.
However, It is to be under- el. Such change of the outputs of the OR
circuits 13  stood that each of such examples is extendable to an and 14 to
a low level signifies that the gate circuits I  array with N rows and N-1
columns (where N is a and 2, formerly In the dosed state, are opened,
natural number equal to or greater than 3). Further- whereby each of the
terminals a and b is rendered  more, the Invention isapplicable
notonlytoaccess re- y   ready to receive the next access request signal.
4o   quests In a memory unit, but also to refresh requests At an instant
t5, the signal from the terminal c is  and so forth. In addition, it Is
possible to apply the in- switched to a low level so as consequently to
change  vention to a time sharing system (TSS) employed in the outputs of
the gate circuits 3 and 6 to a low level.  a large-sized computer or the
like. Although the arbi- Since any successive access request signal is not
in-  tration circuit is formed principally In a chip, it may be putted, the
gate circuits are placed In a standby state  45  used as a component of a
system outside of a chip. to wait for arrival of further access request
signals.  The arbitration circuits described above com- 



Thus, In the above-described arbitration circuit,  prise a gate array of N
rows and N-1 columns with proper priority is given sequentially to each of
the  gate dosing circuits, gate opening circuits and gate first, second and
third input access request signals  holding circuits, so that proper
priority can be given with certainty so as eventually to enable accurate
5o  sequentially to signals upon occurrence of three or transfer of the
signals between the ports and the  more competitive signal processing
requests, hence memory core.
achieving satisfactory arbitration of competitive sig- nal inputs with
certainty. Second Embodiment 55 A second exemplary arbitration circuit
embody-  Claims Ing the invention comprises a 4-row, 3-column gate array
and is capable of arbitrating between access re-  1. An arbitration
circuit, induded in a semiconductor 6    9                   EP 0 351 15B1
10      *   c   L l      I the gate circuit 5 to a high level. Also, the
output of the  quests from, for example, four ports. This example Is AND
circuit 11 is switched to a low level due to such  accomplished by
modifying the construction of the change of the output of the gate circuit
S to a high lev-  above-described first embodiment to form a gate ar- el.
In this stage of the operation, the output of the AND  ray with 4 rows and
3 columns. circuit 17 remains at a low level. And, since the out-   5  The
construction of the second embodiment will puts of the AND circuits 10 and
11 are both at a low  now be described with reference to Figure 8. Gate
cir- level, the output of the OR circuit 15 becomes of low  cuits 21 to 32
are arrayed in the form .ofamatrix with level. As a result, the output of
the AND circuit 18 is  4 rows and 3 columns. The first row consists of gate
changed from a high level to a low level so as conse-  circuits 21, 25, 29;
the second row consists of gate quently to open the gate circuit 3 from the
closed   io  circuits 22, 26, 30; the third row consists of gate cir-
state. Accordingly, the output of the gate circuit 3 is  cuits 23, 27, 31;
and the fourth row consists of gate switched to a high level while the
output of the AND  circuits 24,28,32. Gate closing circuits comprise OR
circuit 12 is changed from a low level to a high level,  circuits 33 to 40,
a circuit arrangement for feeding in- so that the outputs of the OR
circuits 13 and 14 are  verted signals to the gate circuits 29 to 32 in the
third also changed to a high level (with the output of the OR   15  column,
and wiring to the gate circuits 21 to 32 In the circuit 13 remaining at a
high level). In a state Imme-  other rows and the same column. Gate opening
cir- diately after the instant t3, the access request from  cuits
principally comprise AND circuits 41 to 48; and the terminal c is kept
waiting In the first-row gate cir-  gate holding circuits principally
comprise AND circuits cult differently from the preceding state.         49
to 56. Each of the AND circuits 49 to 52 has two The access request signal
Inputted to the terml-  20  Inverse input terminals and is capable of
holding an nal b is completed at a later instant t4. As a result, the
access request signal even when such signal Is exis- outputs of the gate
circuits 2 and 5 are switched to a  tent in the second column as well as in
the first col- low level so as consequently to open the gate circuits  umn.
The connection relationship is similar to that of 4 and 8. Then, since the
output of the gate circuit 3 has  the above-described first embodiment, but
the num- already been switched to a high level, the outputof the   25   ber
of connecting wires required for the gate opening gate circuit 6 is changed
from a low level to a high lev-  circuits becomes greater due to the 4-row,
3-column el, whereby the gate circuits 4 and 5 are put into a  array.
closed state. In this stage, the signal from the terminal  In the second
embodiment, desired arbitration is f is switched to a high level so that a
transfer pulse is  possible with respect to 4-row parallel pulse Inputs,
generated on the basis of the access request inputted   30  and proper
priority can be given sequentially to sec- to the third port. Meanwhile,
the output of theAND cir-  ond to fourth access requests. cult 12 is
changed from a high level to a low level. As  The first and second
embodiments of the inven- a result, the outputs of the OR circuits 13 and
14 are  tion have been described above, by way of example, both changed
from a high level to a low level, and also  as comprising 3-row, 2-column
and 4-row, 3-column the output of the OR circuit 16 is changed to a low
lev-  35   gate arrays, respectively. However, it Is to be under- el. Such
change of the outputs of the OR circuits 13  stood that each of such
examples is extendable to an and 14 to a low level signifies that the gate
circuits I  array with N rows and N-I columns (where N is a and 2, formerly
in the dosed state, are opened,    natural number equal to or greater than
3). Further- whereby each of the terminals a and b is rendered
more,theinvention isapplicable notonlytoaccessre- ready to receive the next
access request signal.  40   quests in a memory unit, but also to refresh
requests At an instant ts, the signal from the terminal c Is  and so forth.
In addition, it is possible to apply the in- switched to a low level so as
consequently to change  vention to a time sharing system (TSS) employed In
the outputs of the gate circuits 3 and 6 to a low level.  a large-sized
computer or the like. Although the arbi- 



Since any successive access request signal is not in-  tration circuit is
formed principally in a chip, it may be putted, the gate circuits are
placed In a standby state  45  used as a component of a system outside of a
chip. to wait for arrival of further access request signals.  The
arbitration circuits described above com- Thus, in the above-described
arbitration circuit,  prise a gate array of N rows and N-1 columns with
proper priority is given sequentially to each of the  gate dosing circuits,
gate opening circuits and gate first, second and third input access request
signals  holding circuits, so that proper priority can be given with
certainty so as eventually to enable accurate  50  sequentially to signals
upon occurrence of three or transfer of the signals between the ports and
the  more competitive signal processing requests, hence memory core.
achieving satisfactory arbitration of competitive sig- nal inputs with
certainty. Second Embodiment 55 A second exemplary arbitration circuit
embody-  Clalms ing the invention comprises a 4-row, 3-column gate array
and is capable of arbitrating between access re-  1. An arbitration
circuit, included in a semiconductor 6    11                   EP 0 351 157
31                   12      I I!1111 liii   i M    ! integrated circuit,
for sequentially giving proper         the first to sixth gate circuits
(1-6) com- priority to a plurality of request signals upon oc-   prise AND
circuits whose Inputterminals not con- currence of competitive inputs of
such request        neoted in series with one another are inverse in-
signals to N input terminals (where N is a natural    put terminals;
numberequal to orgreaterthan 3), the arbitration    s      the gate dosing
circuits forthe firstto third circuit comprising:
gate circuits (1, 2, 3) comprise first to third OR cir- N input terminals;
cuits (13, 14, 15) so arranged as to receive out- N output terminals;
puts of the second and third gate circuits (2, 3), gate circuits (1-6;
21-32) arrayed to form a    outputs of the first and third gate circuits
(1, 3), matrix with N rows and N-1 columns In such a   10     and outputs
of the first and second gate circuits manner that N-1 gate circuits are
connected in       (1, 2), respectively; series between the N input and
output terninals,            the gate opening circuits for the first to
respectively;                                         third gate circuits
(1, 2, 3) comprise first to third gate holding circuits (16-18; 49-56) ar-
AND circuits (10, 11, 12) so arranged as to indi- ranged to be driven in
response to passage of a   16  vidually receive the outputs of the fourth
to sixth signal through any one gate circuit and operative     gate
circuits (4, 5, 6) fed back thereto, respective- to hold, until completion
of inputting of said signal  ly; to said gate circuit, the other signals to
the gate         the gate holding circuits for thefiratto third circuits in
the same row and the previous coi-        gate circuits (1,2,3) comprise
fourth to sixth AND umn(s);                                      20
circuits (16, 17, 18) operative to interrupt, at the gate closing circuits
(13-15; 33-40) ar-        signalinputtime,signalsfromthefirsttothirdOR
ranged to be driven in response to passage of a       circuits (13, 14, 15)
respectively; signal through any one gate circuit and operative          an
output of the first OR circuit (13) and an to dose, until completion of
inputting of said sig-   Inverted output of the fourth gate circuit (4) are
nal to said gate circuit, the gate circuits in the   25  fed to the fourth
AND circuit (16), an output of other rows and the same column except the
gate        which is inverted and fed to the first gate circuit circult(s)
where the signal is held bythe gate hold-  (1); ing circuit(s); and
an outputof the second OR circuit (14) and gate opening circuits (10-12;
41-48) ar-        an Inverted output of the fifth gate circuit (5) are
ranged to be driven in response to passage of a   so  fed to thefifthAND
circuit (17), an outputof which signal through any one gate circuit and
operative    Is inverted and fed to the second gate circuit (2); to open
the dosed gate circuits in the other rows           an output of the third
OR circuit (15) and an and the preceding column.
Inverted output of the sixth gate circuit (6) are fed to the sixth AND
circuit (18), an output of which is 2. An arbitration circuit according to
daim 1, corn-  35  inverted and fed to the third gate circuit (3); prising
three input terminals (a-r), three output          the fourth to sixth gate
circuits (4, 5, 6) are terminals (d-9, and gate circuits (1-6) arrayed to
so arranged that inverted inputs are fed to the In- form a matrix with
three rows and two columns.        put terminals thereof except those
connected in series with one another, and such inverted inputs 3. An
arbitration circuit according to claim I ordaim   4o  are outputs from
theotherrows and the same col- 



2, wherein the gate circuits (1-6; 21-32), the gate   umn; and opening
circuits (10-12;41-48)and the gate hold-            Input terminals of the
first to third gate cir- Ing circuits (16-18;49-58) comprise AND circuits,
cults (1, 2, 3) forreceiving the signals, respective- and the gate closing
circuits (13-15; 33-40) corn-    ly, from the first to third OR circuits
(13, 14, 15) prise OR circuits.                           45       are
Inverse input terminals connected thereto via the fourth to sixth AND
circuits (16, 17, 18). 4. An arbitration circuit according to claim 2,
where- in: first and fourth said gate circuits (1, 4) are  PatentansprOche
connected in series between a first said Input ter-  Bo minal (a and a
first said output terminal (g);    1. In einer integrierten
Halblelterschaltung enthalte- second and fifth said gate circuits (2, 5)
ne Entscheidungsschaltung zur sequentiellen are connected in series between
a second said         Zuteilung elner geeigneten Prioritt an eine input
terminal (b) and a second said output termi-    Mehrzahl von
Arforderungesignalen belm Auf- nal (_);
d5      treten von konkurrlerenden Eingingen derartiger third and sixth
said gate circuits (3, 8) are   Anforderungsaignale an N Eingangsanschl
issen connected in series between a third said inputter-    (worin N fine
naturlicheZahl und grogerals 3 let), minal (9) and a third said output
terminal (9;        wobel die Entscheiderschaltung aufwelst: 7    13
EP 0 351 157 B1                 14    | 1111111 ||||||11111111!! Ji IlII *
C   L  M   S* N ElngangsanschlOsse,                        anschlug (e)
angeordnet sind, N Ausgangsanschlflsse,                            eine
dritte und eine sechets Gatterschal- Gatterschaltungen (I bis 6; 21 bis
32), die  tung (3, 6) In Reihe zwischen elnem drittbn Ein- arrayartig in
elner Matrix mit N Zeilen und (N-1)  gangsanschlull (c) und elnem drittbn
Ausgangs- Spalten so angeordnet sind, daB% jeweils (N-1)   5  anschluS (1)
angeordnet sind, Gatterschaltungen in Relhenschaltung zwischen
die erste bis sechsbe Gattbrschaltung (1 den EingangsanschlOssen und den
Ausgangsan-        bis 6) UND-Glieder aufweisen, deren nicht mit- achlissen
angeordnetaind,                         elnander in Reihe geschaltbten
Eingangsan- Gatter-Halteschaltungen (16 bis 18; 49 bis   schlisse inverse
EingangsanschlOsse sind, 56), die so angeordnet sind, dal sie als Reaktlon
10  dIe Gatter-Sperrschaltungen fOrdie erste, auf den Durchgang eines
Signals durch eine der    zweite und dritte Gatterschaltung (1, 2 bzw. 3)
Gatterschaltungen betAtigt werden, um bis zur     sin erstes, zweltes bzw.
drittes ODER-Glied (13, Beendigung der Eingabe des genannten Signals
14 bzw. 15) enthalten, die so angeordnet sind, in die genannte
Gatterechaltung die anderen Si-   dalS ale Ausgangssignale der zwelten und
der gnale an den anderen Gatterschaltungen in der-  15  dritten
Gatterschaltung (2, 3), Ausgangesignale selben Zeile und in der (den)
vorhergehenden       der ersten und der dritten Gatterschaltung (1, 3)
Spaltb(n) zu halten,                              und Ausgangsslgnale der
erston und der zweiten Gattbr-Sperrechaltungen (13 bis 15; 33
Gatterschaltung (1, 2) aufnehmen, bis 40), die so angeordnet sind, daIS sie
als Re-       die Gatter-6ffnungsschaltungen fOr die aktion auf den
Durchgang sines Signals durch el-  20  erste, zwelte und dritte
Gatterschaltung (1, 2 ne der Gatterschaltungen betatlgt werden, um
bzw. 3) ein erstes, zweites bzw. drittes UND- bis zur Beendigung der
Elngabe des genannten      Glied (10, 11, 12) enthalten, die so angeordnet
Signals in die genannte Gatterschaltung die Gat-  sind, dm1 sie Individuell
jeweils die zu ihnen rOck- terachaltungen In den anderen Zeilen und in der-
gekoppeltbn Ausgangssignale der vierten bis selben Spalt zu sperren,
mitAusnahme der Gat-  26  sechsten Gatterschaltung (4, 5, 6) aufnehmen,
terschaltung(en), in denen das Signal von der           die
Gatter-Haltschaltungen fOr die erste, (den) Gatter-Halteschaltung(en)
gehalten wird,    zweibt und dritte Gatterschaltung (1, 2 bzw. 3)
Gatter-6ffnungsschaltungen (10 bis 12;       einviertbs,ffinftesbzw.
sechsts UND-Glied (16, 41 bia 48), die so angeordnetsind, dag sle als Re-
17, 18) enthalten, diezurZeit des Slgnaleingangs aktion auf don Durchgang
eines Signals durch el-  30  die Signale aus dem ersten, zweiten bzw.
dritten no der Gatterschaltungen betatigt werden, um      ODER-Glied (13,14
bzw. 15) unterbrechen, die gesperrten Gatterschaltungen In den ande-
das Ausgangssignal des ersten ODER- ron Zeilen und In der vorhergehenden
Spalte zu    Glieds (13) und das invertierte Ausgangssignal &ffnen.
der vierten Gatterschaltung (4) dem vierten 35      UND-Glied (16)
zugefflhrt werden, dessen Aus- 2. Entscheidungsschaltung nach Anspruch I
mit         gangssignal invertiert und der ersten Gatter- 



drel Eingangsanschlalosen (a bis c), drei Aus-    schaltung (1) zugefihrt
wird, gangsanschlOssen (d bib f) und Gatterachaltun-          das
Ausgangssignal des zweiten ODER- gen (1 bis 6), die arrayartig In einer
Matrix mit drei  Gileds (14) und das invertlertb Ausgangesignal Zeilen und
zwel Spalten angeordnet sind.  40       der fLinften Gatterschaltung (5)
dem finften UND-Gled (17) zugeffhrt werden, dessen Aus- 3.
Entscheidungsschaltung nach Anspruch I odor        gangsslgnal Invertbert
und der zweiten Gatter- 2, bei der die Gatterschaltungen (1 bis 6; 21 bis
schaltung (2) zugeffhrt wird, 32), die Gattbr-Offnungsschaltungen (10 bis
12;         das Ausgangesignal des dritten ODER- 41 bis 48) und die
Gatter-Halteschaltungen (16   45  Glieds (15) und das invertierte
Ausgangssignal bis 18; 49 bis 56) UND-Glieder und die Getter-    der
sechsten Gattbrschaltung (6) dem sechsten Sperrachaltungen (13 bis 15; 33
bis 40) ODER-      UND-GlWed (18) zugeffhrt werden, dessen Aus- Glieder
enthalten.                                gangssignal Invertiert und der
dritten Gatter- schaltung (3) zugefihrt wird, 4. Entscheidungsschaltung
nach Anspruch 2, bel  6o         die Wvrte bis aechste Gatterschaltung (4,
der                                               5, 6) so angeordnet sind,
daS Ihren Eingangsan- sine ersat und eine vierte Gatterschaltung
schlflssen mit Ausnahme derjenigen, die in Rel- (1, 4) in Reihe zwlschen
einem ersten Eingangs-    henschaltung miteinanderverbunden sind, inver-
anschlug (a) und sinem ersten Ausgangsan-         tierte
Eingangsaignalezugefuhrtwerden und die- schlul (d) angeordnet sind,
55      se invertierten Elngangssignale Ausgangesigna- ine zweite und eine
tfinfte Gatterschal-    le aus den anderen Zeilen und aus derselben tung
(2, 5) In Relhe zwischen sinem zwelten Ein-  Spalte sind, gangsanschlui%(b)
und einemrzweltenAusgangs-            und die EingangsanschlOsse der ersten
8    15                  EP 0 351 157 B1                  16    I
1111111 l II II I! bis drittn Gatterschaltung (1, 2, 3) fOr die Auf-    18;
49-56) comporent des circuits ET, et les cir- nahme der Signale aus dem
ersten, zweiten bzw.      cuits de fermeture de porte (13-15; 33-40)
dritten ODER-Glied (13, 14, 15) Invertierende       comportent des circuits
OU. Eingangsanschlisse sind, die mK ihnen fiber das vierte, finfte bzw.
sechste UND-Glied (16, 17   5   4. Circuit d'arbitrage selon la
revendication 2, dans bzw. 18) verbunden sind.
Iequei: lesdits premier et quatrieme circuits porte (1, 4) sont montes en
serie entre ladite premiere Rovendlcations
borne d'entree (a) et ladite premiere borne de 10      sortie (; 1. CIrcuit
d'arbitrage, incorpor6 A un circuit integre       lesdits second et
cinquieme circuits porte A semiconducteurs, pour accorder sequentielle-
(2,5) sont disposhs en serie entre ladite seconds ment une priorite
corrects A une pluralite de si-   borne d'entree (b) et ladite seconds
borne de gnaux de demands lors de l'appartion d'entrees      sortie (s);
concurrentes de tols signaux de demands sur N   15        lesdits trolsieme
et sixieme circuits porte bornes d'entree (oO N est un entieregal ou supe-
(3, 6) sont montes en serie entre ladite troisieme rieur A 3), la circuit
d'arbitrage comportant:      borne d'entree (U  et ladits troisieme borne
de N bornes d'entree;                             sortie (); N bornes de
sortie;                                 les premier A sixieme circuits
porte (1-6) des circuits ports (1-6; 21-32) disposes   20  comportent des
circuits ET dont les bornes d'en- pourlformer une matrice de N lignes et
N-I colon-   treo non rellees en serie entre elles sont des bor- nes de
tells manlere que N-I circuits ports sont    nos d'entree d'inversion;
relies en serie entre les N bornes d'entree et de         les circuits de
fermeture de porte pour les sortie, respectivement
premier A troiseime circuits porte (1, 2, 3) des circuits de malntien de
ports (16-18;  25  comportent des premier A troisleme circuits OU 49-56)
agences pour etre commandes en repon-        (13, 14, 15) disposes de
manibre A recevoir des se au passage d'un signal A travers un circuit por-
signaux de sortie des second ettroisieme circuits to quelconque et agissant
pour maintenir, lors de   porte (2,3), des signaux de sortie des premier et
l'achevement de ['application duditsignal auxdits   troisibme circuits
porte (1, 3), et des signaux de circuits porte, les autres signaux sur les
circuits  30  sortie des premier et second circuits porte (1,2), porte de
la mAene ligne et de la ou des colonnes    respectivement; precedentes;
les circuits d'ouverture de porte pour les des circuits de fermeture de
porte (13-15;     premier A troisieme circuits porte (1, 2, 3) 



3340) agences pour etre commandes en repon-         comportent des premier
A troisieme circuits ET se au passage d'un signal A travers un circuit por-
35  (10, 11, 12) disposes de maniere A recevoir indi- to quelconque et
agissant pour fermer, apres        viduellement les signaux de sortie des
quatrieme achevementde l'application dudit signal audit cir-  A sixilbme
circuits porte (4, 5, 6) reappliques A cult porte, les circuits porte dans
les autres lignes  ceux-ci, respectivement; et la mame colonne A 'exception
du ou des cir-            les circuits de maintien de porte pour les cuits
porte dans lesquels le signal est maintenu   40  premier A trolsibme
circuits porte (1, 2, 3) par Is ou les circuits de maintlen de porte; et
comporent des quatrieme A sixieme circuits ET des circuits d'ouverture de
ports (10-12;      (16, 17,18) agissant pour interrompre, A l'instant
41-48) agences pour etre commandes en repon-        d'application du
signal, des signaux provenant se au passaged'un signal Atravers un circuit
por-   des premier A trolsisme circuits OU (13, 14, 15) to quelconque et
agissant pour ouvrir les circuits  45  respectivement; porte fermes dans
les autres lignes St la colonne         une sortie du premier circuit OU
(13) et pr6cedentb.                                         une sortie
Inversee du quatrieme circuit porte (4) sont appliqu6es au quatrieme
circuit ET (18), 2. Circuit d'arbitrage selon la revendication 1,
dont une sortie set invers6e et appliqu6e au pre- comportant trois bornes
d'entree (a-9), trois bor-  50  mier circuit porte (1); nes de sortie
(d-!9, et des circuits porte (1-6) die-     une sortie du second circuit OU
(14) et une pos6s pour former une matrice A trois lignes et     sortie
invershe du cinquibme circuit porte (5) sont deux colonnes.
appliqu6es au cinquieme circuit ET (17) dont une sortie est inversee et
appliquee au second circuit 3. Circuit d'arbitrage selon la revendication 1
ou la  ss  porte (2); revendication 2, dans lequel les circuits porte (1-
une sortie du troisilme circuit OU (15) et 6; 21-32), les circuits
d'ouverturo de porte (10-   une sortie inversee du sixieme circuit porte
(6) 12; 41-48) etles circuits de maintien de ports (16-  sont appliqu6es au
sixiAme circuit ET (18), dont    17                   EP 0 351 157 B1
18     1111111      1111 une sortie est inverse et appliques au troisieme
circuit porte (3); les quatrieme a sixieme circuits ports (4, 5, 6) sont
dispos6s de sorts quo des signaux d'entree invers6s sont appliques a leurs
bornes   5 d'entr6e A l'exception de celles rellies on serie entre elles,
et oes signaux d'entr6e inversts sont des signaux de sortie provenant des
autres II- gnes et de la mime colonne; et des bornes d'entree des premier A
troisie-   10 me circuits porte (1, 2, 3) pour recovoir les si- gnaux,
respectivement, des premier A trolsilme circuits OU (13, 14, 16) sont des
bornes d'entrhe avec inversion reliees a coux-ci par l'lntsrmidiai- re des
quatrilme A sixilme circuits ET (16, 17,  15 18). 20 25 30 35 40 45 50 55
10    


