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MEMORY CONTROLLER FOR DIRECT OR INTERLEAVE MEMORY
' ACCESSING

This invention relates to the field of data processing and, more
particularly, to a data processing system having a memory controller
which supports both direct and interleave accessing of a dynamic

read/write memory.
. BACKGROUND OF THE INVENTION

Personal computers commonly use dynamic memory read/write chips that
are addresgéd or selected as physical banks, the chips being arranged in
single in-line memorv modules (SIMMs). Row address strobe (RAS) signals
are used to select the physical banks of memory. In a system with, for
ekample, sixteen banks, sixteen unique RAS lines are required. Lower
cost, high performance memory systems are designed to operate in a direct
mode wherein only one RAS line is active at any one time. 1In contrast,

1
higher cost, high performance memoryisystems are designed with a wider
memory data path and operate in an interleaved mode so that two RAS lines

are simultianeously active for two bank interleaving.

Typically a memory controller is connected between the memory ané a
microprocessor, a direc: memory access (DMA) éontroller, and other
devices which access the memory. One of the functions of e mémory
controller is to decodes the addresses of the.locations to be accessed and.
generate the appropriate RAS select signal(s) for activating the proper
memory bank(s) in accordance with the mode (direét or interleaved) of
overation. In the direct mode, a memory controller need only have one
Gecoder per memory bank, whereas in the interleaved mode, the controller
needs only one decoder per two banks, the banks being arranged in pairs.
A memory controller that supports both modes must provide a decoding

mechanism for both modes. Typically, this is done by using two sets o

Py

decoders, one set being one decoder per bank for direct mode and the
other set being one decoder per pair of banks for interleaved mode.

Additional decode logic is needed to select the appropriate set.
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controlling access to said memory; and a bus connected between said
microprocessor and said memory controller, said bus comprising address,
data and control lines; said microprocessor being operable to initiate a
memory access by placing address signéls on said address lines, and
control signals defining read/write operations on said control lines.
characterised in that; said memory controller comprises a plurality of

. bank address decoders connected to said address lines, and associated
with said banks, each decoder being operable in response to decoding an
address on said address lines as being in a raﬁge of storage locations
located in said associated bank to generate a Bank Select signal, a
single logical circuit having inﬁuts connected to said two decoders to
receive said Bank Select signals,therefrom and produce an inactive output
signal when said Bank Select sigpals are both inactive, said logical
circuit being furthe; operable to produce an active output signal when at
least one of said Bank Select signals is active, and mode control means
connected to outputs of said logical circuit and said two decoders, said
mode control means being selectively set.to operate in either a direct.
mode or an interleaved mode, said mode control means being operable when
set to operate in direct mode to produce a single row address strobe
signal in response to a Bank Select signal from one of said decoders,
said mode control means being operable when set to operate in interleave
mode to produce two row address strobe signals in response to an active

output from said logical circuit.

Further according to the present invention there is provided a
memory controller for use in a data processing system having a memory and
a microprocessor for accessing said memory, said memory having a
plurality of banks each comprising a multiplicity of storage locations,
said storage locations in each bank have a unique range of addresses,
- said ranges being contiguous, said memory being accessible in response to
said microprocessor outputting control and address signals, said memory -

controller comprising: a plurality of bank address decoders adapted to
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to Sselect e appropriate
location; a single 1RO RA reFi T IgpnnaqEAITicOwo of said decoders and

operative to produce a second Bank Select signal in response to receiving
an active one of said first Bank Select signals, and mode control means
connected to said logical circuit and said two decoders, said mode
control means being selectively set to operate in either a direct mode or
an interleaved mode, said mode control means being operable when set to

operate in direct mode to produce a single row address strobe signal in

" response to a Bank Select signal from one of said decoders, said mode

control means being operable when set to operate in interleave mode to
produce two row address strobe signals in response to an active output

from said 18gical circuit.
In the drawings:

Fig. 1 is a simplified block diagram of a prior art memory bank
decoding system operable in direct mode;

Fig. 2 is a view similar to Fig. 1 showing a prior art system

operable in interleaved mode;

Fig. 3 is a view similar to Figs. 1 and 2 showing a prior art system

operable in either a direct mode or an interleaved mode; -

Fig. 4 is a view similar to Fig. 3 illustrating the present

invention;

Fig. 5 is a more detailed block diagram of a data processing system

embodying the present invention; and

Fig. 6 is a block diagram of a portion of the memory controller
shown in Fig. 5.

DETAILED DESCRIPTION

Prior art memory systems of the type improved upon by the invention

are shown in Figs. 1-3, while a comparable diagram illustrating the

arranged In pairs.
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dt is an object of the present invention to aneliorate one disadvantages
of the prior art. According to one aspect of the present invention
there is provided a data processing system conprising: a mcroprocessor; a
menory including a first nmenory bank and a second nenory bank, said first
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126 and 128. In response to an address appearing on bus 120, the one of

- decoders 1I§ and 118 corresponding to the bank being accessed will
.produce an active Bank Select signal that is transmitted to the timing
circuit which then produceé the appropriate operating signals, including
a RAS signal, to access the desired location in the selected bénk. Such

mode of operation is known as the direct mode.
i
i

Fig. 2 shows the same memory banks arranged for interleave operation
wherein the banks are combined to provide a 64 bit wide memory data path.
In this case, a decoder 130 is connected to bus 120 and in response
thereto will pfoduce an active Bank Select signal when the accessed
address is in the range 0-2 megs. Decoder 130 is connected to_timing
logic circuits 126 and 128 which in response to receiving an adtive Bank
Select signal and a RAS timing signal on line 129 transmits RASO and RAS1
signals to banks 112 and 114 respectively. The RAS timing signal signal
controls the high/low timing of the individual RASO and RAS1 pulses.

Fig. 3 illustrates a system for supporting both direct and
interleave modes. A register 132 stores a control signal (D/I) defining
the mode of operation and the memory is accessed in either a direct mode
or an interleave mode dependent upon the control signal. To accomplish
this, the systeﬁ further includes two multiplexers-or MUXes 134 and 136
which are connected to register 132 and are operable in accordance with

the control sighal D/I to transmit a Bank Select signal to each bank from
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operative in response to decoding an address on said address |lines as being
I n said second range of addresses to generate a second Bank Sel ect signal;
a single logical circuit having a first input and a second i nput
respectively connected to said first decoder and to said second decoder to
respectively receive said first Bank Sel ect signal and said second Bank
Sel ect si g#f&@-20s@43d | ogical circuit bein® operable to produce an active
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reducing the number of circuits. Referring to Fig. 4, an AND circuit 140
has two inputs connected to the outputs of decoders 116 and 118 and an
output conﬁ?cted to inputs of MUXes 134 and 136. When operating in the
direct mode, MUXes 134 and 136 will transmit only the active output
signal from decoders 116 or 118 dependent on which Bank Select signal is
active. When operating in the interleave mode, the MUXes 134 and 136
will both transmit an active signal from AND circuit 140 to
simultaneously access both banks 12 and 14. Circuit 140 effectively
creates a single logical memory bank from thwo physical banks, in which

the logical bank has an address range 0-2 mégs.

The simplicity of the invention and why an BND circuit can be used
should be understandable from the following logical reasoning. The
output of decoder 116 is active or low only when the addresséa location
is in the range 0-1 meg. The output of decoder 118 is active or.low only
when the addressed location is in the range 1-2 megs. If the addressed
location is above such range, the'outputs of both decoders will be
inactive or high. The logic of BND circuit 140 is such that when either
or both inputs are active, its output will be active. If both are high

or inactive, the output will likewise be high or inactive.

Referring now to Fig. S, the data processing system there shown
includes a microprocessor 10, a memory controller 12, a memory 14 having
a plurality of SIMMs 16-1 through 16-n, a bus interface 18, a read only
memory (ROM) 20 for storing a.basic input/output operating system (BIOS),
a non-volatile RAM (NVRAM) 22 for storing setup and configuration

information, a direct memory access (DMA) controller 24, an expansion bus



Secord out puts of said node control nmeans for receiving signals passed by
said node control neans, said timng neans being further connected to said
menory banks for selectively accessing said banks in response to said:

- signals passed by said node control means, whereby in response to said
decoders receiving a single address a single one of said nenory banks is

accessed whpy-gapdsnode control nmeans opegfates in said direct node and both
of said nenory banks are accessed when sald node control neans operates in

sai d i nter6ayshndReed to a plurhl ey br RRAWINGR: sockets 27-19chrbubf 279 NBAd Tl ed
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interl eaveg'arﬂml e;connected between mlc@oprocessor lg and a bufs:ier 63(?4' and a gata
bus 32D is connected between bus interface 18 and a buffer 35. Buffers
34 and 35 are connected to memory 14 by the data bus 36D of a memory bus
36. It should be noted that the address, control, and data busses of

busses 26, 30, 32 and 36 are referenced using the respective suffixes A,
C, and D.

Except for certain details of controller 12 énd the operation as
described below, the system is constructed in accordance with known
principlé% and uses well documented, commercially available devices so
that further details thereof not necessary to an understanding of the
invention are omitted herefrom. It is to be understood that the many
support and other devices commonly included in a data processing system
have been omitted for simplicity of illustration.

t

Within the system as described thus far, memory 14 can be accessed
by microprocessor 10, DMA controller 24, or bus master 28. Since such
memory accessing is similar for each such device, the following
description will be limited to illustrating how microproceésor 10
accesses memory i4. It is apparent to those skilled in the art how other

~ devices can similarly access the memory. Furthermore, it is:recognised
there are many different memory configurations but for the purpose'of
illustrating the invention, memory 14 is assumed to have a maximum
capacity of eight, 32-bit wide SIMMs, each SIMM having one or two banks,
each bank having a capacity of 1 or 4 Mbytes, and operable at RAS speeds
of 30f100ns. Additional memory can be added through use of the expansion
bus.

Fig. 6 shows generally how the invention is incorporated into memory
controller 12. Address bus 120 receives a bank address from bus 30 (Fig.
5) and inputs such address into decoders 116 and 118. The outputs of the_
decoders are connected to inputs of a logic circuit 42 which includes
MUXes 134 and 136, and BND circuit 140. An I/0 port 40 contains register

132. When the system is initially configured, and the user decides



Fig. 2is aviewsinilar to Fig. 3 illustrating the present invention;
Fig. 51is a nore detailed bl ock diagram of a data processing system
enbodyi ng the present invention; and Fig. 6.is a block diagram of a
portion of the menory controller shown in Fig. 5.
DETAI LED DESCRI PTI ON Prior art menory systens of the type inproved
upon by the invention dare shown in Figs. 1-3, while a conparabl e diagram
i1l ustrati mgoteme-045 BC9- 90- 045 7 4 invention
is showmn in Fig. 4. Referring to Fig. 1, the invention is

whether to have the system operate in a direct mode or an interleaved

mode, the control signal in register 132 is then set by addressing such
port and writing the appropriate D/L signal in the regisfer. Normally,
once a system is thus set to operate in a given mode, it remains that
way. Register 132 is connected to transmit the mode control signal D/L
to logic 42. Controller 12 also includes a state machine 44 that in
response to address and control signals from the microprocessor on bus
30, provides timing signals to logic 42 causing appropriate memory
operating signals, including the RAS signals, to be transmitted to memory

14 to access the bank containing the addressed memory location.

While the invention is described above relative to a one Meg SIMM,
for whichithere is an advantage of replacing one eight-to-one decoder by
a single ANb circuit, the advantage becomes even greater when the
complexity of a decoder is increased to handle various size SIMMs and

various starting addresses.
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| ocation is within the first one neg of nenory |ocations and decoder
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location is within the range fromone to two negs. Deco 8
have output |ines respectively connected to tinmng circ ﬂ ES. I n
response to an-adtrdess %Fﬁﬁé&?%qﬂgsweﬁlu@@zeﬂ%e one of decoders nd -
118 correspondi ng to the bank bei ng -accessed will produce an active Bank.:
Sel ect si gnal At hat is transmited to the timng circuit which then produces

the appr opri afe"OFEFACT Iy % §H7s, including a RAS signal, to access the
desired location in the selected bank. Such mode of operation i s known as

t he direct rm den ne_nenp anks.a ed for
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accessible by control signals lncluolng a row address strobe signal RAS;
a memory controller for controlling {12) access to said memory;

and a-bus (30) connected between said microprocessor and said memcry

controller, said bus comprising address, data and control lines;

said microprocessor being operable to initiate a memory access bv
placing address signals on said address lines, and control siénals
defininyg read/write operations on said control lines characterised in
that; -

said memory controller comprises

a piurality of bank address decoders (116, 118) cocnnected to said
address lines, and associated with said banks, each decoder 5§ing
operable in response to decoding an address on said address lines as
being in a range of storage locations located in said associated bank %o

generate a Bank Select sigﬁal,

a single logical circuit (140) having inputs connected to said twe
decoders to receive said Bank Select signals therefrom and produce an
inactive'cutput signal when said Bank Seiect signals are both inactive,
said logical circuit being further operable to produce an active output
signal when at least one of said Bank Select signals is active,

and mode control means (132) connected to outputs of said logical
circuit and said two decoders, said mode control means being selectiveliy

set to operate in either a direct mode or an interleaved mode, said mecde
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2. A data processing system in accordance with claim 1 wherein:

said logical circuit (140) is an AND circuit.

3. A data processing system in accordance with claim 1 or 2

wherein said mode control means comprises:

-
-

a register (132) for storing a control signal defining whether said

memory controller will operate in a direct mode or an interleaved mode,

multiplexer means (134, 136) connected to the outputs of said
decoders, said logical circuit and said register and being operable to
préduce on an output thereof a first signal when said control signal is
sei for direct mode and a second signal when said control signal is set

for interleave mode,

and timing means (44) connected to said multipiexer means and said
banks for producing memory cycling signals including row address strobe
signals to access said banks, said timing means being operabié in
response to receiviﬁg said first signal to produce a sinjle row address
strobe signal for only one of said banks when operating in the direct
mode, said timing means being operable in response to receiving said
second signal to produce two row address strobe signals for both banks

when operating in the interleave mode.
4. A data processing system in accordance with claim 3 comprising:

an 1/0 port (40), said register being part of said port and being

settable upon writing said control signal to said port.
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node, or a Bank Seﬂ 0 each bank from decoders 116 and 118 when
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memory having a plurality of banks each comprising a multiplicity of

storage locations, said storage locations in each bank have a unique
range of addresses, said ranges being contiguous, said memory being
accessible In response to said microprocessor outputting control and

address signals, said memory controller comprising:

a plurality of bank address decoders (116, 118) adapted to receive
addresses from said microprocessor-(10) and produce first Bank Select
signals in accordance with which bank contains an addressed storage

- location; %

a single logical circuit (140) connected to two of said decoders and
. operative to produce a second Bank Select signal in response to receiving

an active one of said first Bank Select_signals,

and mode control means (132) connected to said logical circuit and
said two decodeis, said mode control means being selectively set to T
operate in ‘eitler a direct mode or an interleaved mode, said mode control
means being operable when set to operate in direct mode to produce a
single row address strobe signal in response to a Bank Select signal from
one of said decoders,lsaid mode control means being operable-when set to
operate in interleave mode to produce two row address strobeﬂsignals in

response'to an active output from said logical circuit.
6. A memory controller in accordance with claim 5 wherein:
said logical circuit (140) is an AND circuit.

7. A memory controller in accordance with claim 6 wherein said
mode control means comprises:
a register (132) for storing a control signal defining whether said

memory controller will operate in a direct mode or an interleaved mode,
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“has two inputs co o the 0 uts of decoders 116 and 118 and an
. out put connected toj %“‘134 and 136. \Wen operatl ng in the
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from decoders 116 or FECL,

depe‘hdent on ‘whi ch Bank =& afiti ve.
When operating in the interleave node, the MJXes % b@it h
transmt an active signal fromAND circuit 140 to Reots access
bot h bankscat20aub 14. Circuit 140 effectlilvely credres a si ngI e | ogi cal
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t he addressed ation is above such range, the outputs of both decoders
will be i ATt %r eravﬁl'@cﬁfe’The logic of AND circuit 140 is such that when
either or both inputs are active, its output will be active. If both are

hi gh or inact 'aMS t:l&xaﬁg %Tapxgt(ﬂ)l lcoxl)r{elﬁ%x\ﬁ %8 le(i]hl‘gftl rlek&a?n’ehk{g ‘and said

banks for producing memory cycling signals including row address strobe

signals to access said banks, said timing means being operable in
response to receiving said first signal to produce a single row address
strobe signal for only one of said Banks when operating in the direct

..: mode, said_timing means being operable in response to receiving said
second sig;ial to produce two row address strobe signals for both banks

when operating in the interleave mode.
8. A memory controller in accordance with claim 7 comprising:

an I/0 port (40), said registl.er (132) being part of said port and

being settable upon writing said control signal to said port.
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R'éfer"r'i ng now to Fig.. 5, the dat a processi ng systemthere shown includes a
m croprocessor 10, a nenory controller 12, a nenory 14 having. a_plus ality

of SIMv 16-1 through 16-n, a bus i nterface 18, a readoF UG !

for storing a basic input/output operating syste -

RAM (NVRAM) 22 for storing setup and configurati ol
menory access (DVA) controller 24, an expansion b
6 BC9-90-045 12
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MEMORY CONTROLLER FOR DIRECT OR INTERLEAVE
MEMORY ACCESSING

ABSTRACT

A data processing system includes a processor for accessing a memory
in either a direct mode or an indirect mode. The memory includes at
léast two memory banks and two decoders for decoding bank addresses. The
decoders produce bank select signais. In direct mode, the decoder
outputs are generated according tc which bank is addressed. 1In
1nterleavé}mode, the two decoder outputs are ANDed to select both banks

covering the address range of the selected banks.

"l '
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26 Gaamécted to a plurallty of expansion sockets 27-1 through 27-n, and a
busnast er- 28 connected to expansi on socket 27-1. Controller 12 is a dual
port controller connected to a CPU bus 30 and a system bus 32. A data bus
30D is connected between microprocessor 10 and a buffer 34, and a data bus
32D is connected between bus interface 18 and a buffer 35. Buffers 34 and
35 are connected to nenory 14 by the data bus 36D of a nenory bus 36. |t
shoul d be noted that the address, control, and data busses of busses 26,

- 30, 32 and 36 are referenced using the respective suffixes A C, and D
Except for certain details of controlleﬂ‘fé and the operation as descri bed
bel ow, the systemis constructed in accordance with known principles and
uses well docunented, comercially avail abl e devices so that further
details thereof not necessary to an understanding of the invention are
omtted herefrom It is to be understood that the many support and ot her
devi ces commonly included in a data processing system have been onltted for
sinplicity of |II ustration. :

PRIOR ART _ Physical Physicz!
Bank 1 Bank 2
M2 ~— | ML
RAS% 0 RAS#1
CPU
Address
114
. 122 :
| | Address 0-1 Meg / TIMING =y §
Decoder 1 | BANK SELECT LOGIC | ST
120 — ' — R ,
126
| | Address 1-2Meg 124 | |TIMING
Decoder2  |BANK SELECT LoGIC

g 128

RAS Timing 129*—7
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Wthin the systemas described thus far, nenory 14 can be accessed by

m croprocessor 10, DVA controller 24, or bus master 28. Since such nmenory
accessing is simlar for each such device, the follow ng description wll
be limted to illustrating how.m croprocessor 10 accesses nenory 14. It is
~apparent to those skilled in the art how other devices can sinmlarly access
the nmenory. Furthernore, it is recognised there are many different nenory
configurations but for the purpose of illustrating the invention, nenory 14
is assuned to have a maxi num-capacity of eight, 32-bit w de SI MV, each

SI MM havi ng one or two banks, each bank mﬁfq@ a capacity of 1 or 4 Moytes
and operabl e at RAS speeds of 30-100ns. Additional menory can be added

t hrough use of the expansion bus. Fig. 6 shows generally how the
invention is incorporated into menory controller 12. Address bus 120
receives a bank address frombus 30 (Fig. 5) and inputs such address into
decoders 116 and 118. The outputs of the decoders are connected to inputs
of alogic circuit 42 which includes MJXes 134 and 136, and AND circuit

140. An 1/O port 40 contains register 132. Wien the systemis initially
configured, and the user decides

Physical Physical
PRIOR ART Bank 1 Bonk 3
[
112 114
i - RAS#0 RAS#1
CPU :
. Address
120

Address 0-2 Meg TIMING =

Decoder 3 BANK SELECT LOGIC [~ — -
& 128
G
RAS Timing 1295

Fig. 2
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BC9- 90- 045 : 7 whether to have the system operate
in a direct node or an interleaved node, the control signal in register 132
is then set by addressing such port and witing the appropriate D/L signal
in the register. Normally, once a systemis thus set to operate in a given
mode, it remains that way. Register 132 is connected to transmt the node
control signal DL to logic 42. Controller 12 also includes a state machi ne
44 that in response to address and control signals fromthe m croprocessor

on bus _ 36
Physical Physical
Bank 1 Bank 2
M2~ |- 14
PRIOR ART
RAS#0 RAS#1
CPU
Address
120 116) 134 .
0-1 Meg {
Address (D) TIMING
T‘ Decoder 1 MUX LOGIC [
' — (D) [
D/1 * z126
1-2M - . ]
132) %! o T
Address TIMING
.T_ Decoder 2 MUX LOGIC
¢—
; f— (D
18 136 128
130
C 0-2 Meg
Address '
— Decoder 3
RAS Timing 18 /

Fig.3
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30, provides timng signals to |l ogic 42 causing appropriate menory
operating signals, including the RAS signals, to be transmtted to nenory
14 to access the bank containing the addressed nenory | ocation.

VWhile the invention is described above relative to a one Meg SIMM for
whi ch there is an advantage of replacing one eight-to-one decoder by a

single AND circuit, the advantage becones even _greater when the conplexity
of a decoder is increased to handle vari ousljiez

e SIMVs and various starting
addr esses. CLAI M5
Physical Physical
Bank 1 Bank 2
RAS#0 RAS#1
CPU
Address
116 134 126
120— 0-1 Meg / /:
I Address (D) TN
Decoder 1 B MUX LogIe
@ B
D/H— ' i
1-2 Meg
13 2) Addr D , -
|| ess D) ) .
Decoder 2 MUX| Egg—x\cc
y ol 1
118
136 128 =
A =
N =
D | 0-2Meg
L140
RAS Timing \/129

Fig. 4
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1. A data processing system conpri sing: a m croprocessor;

a nenory including a first nmenory bank and a second nenory bank, said first
menory bank having a plurality of addressable nenory |ocation | ocated
within a first range of addresses, said second nenory bank having a
plurality of addressable nenory |ocations |ocated with a second range of
addresses contiguous to said first range, said first nenory bank bei ng
accessible by a plurality of signals includkg% a first row address strobe
(RAS) signal, said second nmenory bank being cessible by a plurality of

signals including a second RAS signal; a menory controller for
controlling access to said nenory; and a bus conrfect ed between said
m croprocessor and said nenory controller, saifdbus—gonprising address,
data and control I|ines; said m croprocégssor be¢ing operable to
initiate a memory access hy_placing address sifgnals ¢n said address |ines
and control signals definilng repfi/ witle opégrafions*oh said control Iines;
said nenory controller Raying an interlegvgh—nnde oP.pperation and-a direct
node of operation, sai demdnoty control|l e conprising: ° h fi rﬁ bank
addr ess decoder having ﬁ@_inpht conngdt e to said addrgss lings, [s&f first
bank decoder being operatilve il tespoSe to decodi ng ah addregs n§$aid
address lines as being in said hirst range of addr @ssep to gepergtegp first
Bank Sel ect signal; L Q
P : /
. $ | ] 8|8 R
pp— Z 7 2
o
£ 2 G
N e Lo N
. ] E — | -
m /M é'J = T E '\/N
@) 8 2 /1 2
i bt 4 b AN
= E E 1Tk .
1 : J 15[ 2
T— 2] < =] ?;
7 ¢ 7 | s S
[a) ~ © v \(el = -<E
[= Lt @ = O
g a o
) —
< :*\\\\\
2] R |1 A /
& : <
-4 1 o~
3 1 3 <Q \ ‘ 3
%] ) o N
£ o] ™ . ®
S \ 3 Y 0
& %2 5
S OE \ ,,,é
3] = 8 &
= { £8 a
S A
/7
= &1 S <

20~__| ROM



-

s . s . .
a second bank address decoder having an input connected to said address

| i nes, said second bank decoder being operative in response to decodi ng an
address on said address lines as being in said second range of addresses to
generate a second Bank Sel ect signal; a single logical circuit
having a first input and a second i nput rﬁﬁgectively connected to said
first decoder and to said second decoder respectively receive said first
Bank Sel ect signal and said second Bank Sel ect signal, said logical circuit
bei ng operable to produce an active output signal in response to receiving
one of said first and second Bank Sel ect signals fromone of said first and
second decaogpys; ' control f82ans having first and second inputs
and first aggdqgecond outputg, said first and second inputs respectively
connected t firstydecodertandj to sai d second decoder to respectively
receive said firsgt bankjgebertr pDgnpl and said second bank sel ect signal
said first and second i wputs—sets urther connected to said | ogical

circuit to receivie said active output signal therefrom said node contro
means being selectively set to opprate in either one of a direct node and
an interl eave node, said node confrol nmeans bei ng operable when set to _
operate in direcjq node to pass sajd first bank select signal to said first
out put and pE9s”shi d second bank kel ect signal to sai %fecond out put ,

/

16
/

&_ Address 0-1 Meg Logic RAS# 0
Decoder 1 -
RAS# 1
; i
|| Address 1-2 Meg
Decoder 2

6318

Lt -
7 >

State
Machine

Fig. 6



9 sa'-id node cdntrol rreans bei ng_operahl-e when set to | _ |
BT A d ¢ i put- signal fr tF.IN ‘WS}E;T cuit

N nd out put; ' and timng ns
connected to said fi ohek-et-pUls of sai d nmjdqd c@& ABR 26N or
recei ving signals pasSsed oy sald nDde control neans, §sgdid tim ng neahs
bei ng further connected to said nenory banks for sel qctively accessingjsaid
banks in response to said signals passed by said nodé-central neans

whereby in response to said decoders receiving a single address a S|ngle

one of said nenory ans operates
in said direct md&?@mgﬁ;@g?%%gwgg% when said
node control neans operates in de A data

processi ng systemin accordance with claim1 . wherein said node control

means coMBSTBAECT " aregister for storing a node control signal

defining the node of operation of saisd-#enory.controller; and

nul tiplexer means including said first and second inputs and said first and
A data processing system includes a processor for accessing a memory in elther a

direct mode or an indirect mode. The memory includes at least two memory banks (1 12,
114) and two decoders (116, 118) for decoding bank_ addresses. The decoders (116, 118)
produce bank select signals. In direct mode, the decoder outputs are generated according to
which bank (112, 114) is addressed. In interleave mode, the two decoder outputs are ANDed
to select both banks covermg the address range of the selected banks (112,114).

Fig. 4
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sec®endQut puts of sai d node control: freans, said nmultip _ Wmm
a control input connected to said register. to receive g ‘
signal and operate in accordance with sai'd control signall.
processi ng systemin accordance with claim 2 conprising
port, sai‘d register.being.part of said |20 port and bei

writing said node control Si?lpﬁﬁd%i{ ' Thi(h@gﬁ BC9- 90- 045
10 = - 5. A penory controller o_r‘?;gislfej I'n a _a@%ﬁoc ' STEM Navl ng
o It is an object of the present invention to ameliorate One or more 1sad¥rantages of

the prior art. _
According to one aspect of the present invention there is provided a data
processing system comprising: a microprocessor; a memory including a first memory
bank and a second memory bank, said first memory bank having a plurality of
addressable memory location located within a first range of addresses, said second
memory bank having a plurality of addressable memory locations located with a second
range of addresses contiguous to said first range, said first memory bank being accessible
by a plurality of signals including a first row address strobe (RAS) signal, said second
memory bank being accessible by a plurality of signals including a second RAS signal; a
memory controller for controlling access to said memory; and a bus connected between
said microprocessor and said memory controller, said bus comprising address, data and
control lines; said microprocessor being operable to initiate a memory access by placing
address signals on said address lines and control signals defining read/write operations on
said control lines; said memory controller having an interleaved mode of operation and a
direct mode of operation, said memory controller comprising: a first bank address
decoder having an input connected to said address lines, said first bank decoder being
operative in response to decoding an address on said address lines as being in said first
range of addresses to generate a first Bank Select signal; a second bank address decoder
having an input connected to said address lines, said second bank decoder being
operative in response to decoding an address on said address lines as being in said second
range of addresses to generate a second Bank Select signal; a single logical circuit having
a first input and a second input respectively connected to said first decoder and to said
second decoder to respectively receive said first Bank Select signal and said second Bank
Select signal, said logical circuit being operable to produce an active output signal in
response to receiving one of said first and second Bank Select signals from one of said
first and second decoders; mode control means having first and second inputs and first
and second outputs, said first .and second inputs respectively connected to said first
decoder and to said second decoder to respectively receive said first bank select signal
and said second bank select signal, said first and second fnputs being further connected to
said logical circuit to receive said active output signal therefrom, said mode control
means being selectively set to opérate in either one of a direct mode and an interleave
mode, said mode control means being operable when set to operate in direct mode to
pass said first bank select signal to said first output and pass said second bank select
signal to said second 6utput, said mode control means being operable when set to operate
in said interleave mode to pass said active output signal from said logical circuit to both
said first output and said second output; and timing means connected to said first and



a menory (14) and a rmicroprocessor (10) for accessi jif GEMEWSHEEF d

menory having a plurality of banks each conprising § |tIpIILILy
storage |l ocations, said storage |locations in each bg h.gé g@f ange
of addresses, said ranges being contiguous, said ne %@ esgijple in

response to said mcroprocessor outputtigng control B
d troll I

52§ T TOleko WS S TR it o o oG b oia 01 555

(10) and pcmmblmneafns; sa1dank1gSmlemst being rfaftheri connected dnlsmd membryMbanks Fank
t t

Conal NS eclet a0t QRP0RI I el to spid sigf? pALE b WA Aot Lhfid

(140) connect e ce a second
Bank Sel eteass, grherebyniny @gmgéosaidr@@@dew r@emnaa%ﬂngke @d@esgfa sjagla anerefi

Bank Sel egdid Sﬁéﬁi@ysbanks is accelftd WREE s#i@héd coRD Mmdahs dherafel ACaRH dirgcrsai d
| ogi cal CI r u' ; daboth of said memory banks are accessed when said mode control means
operates in said interleave mode.
IN THE DRAWINGS:
Fig. 1 is a simplified block diagram of a prior art memory bank decoding system
operable in direct mode;
Fig. 2 is a view similar to Fig. 1 showing a prior art system operable in
interleaved mode;
Fig. 3 is a view similar to Figs. 1 and 2 showing a prior art system operable in
either a direct mode or an interleaved mode;
Fig. 4 is a view similar to Fig. 3 illustrating the present invention;
Fig. 5 is a more detailed block diagram of a data processing system embodying
the present invention; and
Fig. 6 is a block diagram of a portion of the memory controller shown in Fig. 5.
' DETAILED DESCRIPTION
Prior art memory systems of the type improved upon by the invention are shown
in Figs. 1-3, while a comparable diagram illustrating the



saitd tweo decode@wrok means being selectively set to operate
in either a di t node or an inl erl eaved node, said \m [-

bei ng operabl’e“ ﬂﬁﬂwﬂmﬂﬁmme in direct node to pxidddpedadi iy ow
addr ess strobe [ AN se to a Bank Select sipnpl from one of} slai d
decoders, said node controf nkans bei ng ®perabl e- when| skt 46 SERASR7e § n
interl eave node to produce two row adgsajgstrobe signaks in responsel tph an

active output I{{om said logical circulft. 6. Aln rycontrollerfin
accor dance-wi t éP@iH’FP‘?S%HgFEt‘?W Comprisings i d | ogi cal ¢ircuit (140) is ah
AND circuit.  amicroprocesforenory controller in accordance with claimé6

sher e 210 T0GRRIL hod AR PR Py ek ) ok i R
memory bank having a plurality of addressable memory location located within a first
range of addresses, said second memory bank having a plurality of addressable memory
locations located with a second range of addresses contiguous to said first range, said
first memory bank being accessible by a plurality of signals including a first row address
strobe (RAS) signal, said second memory bank being accessible by a plurality of signals
including a second RAS signal;

a memory controller for controlling access to said memory;

and a bus connected between said microprocessor and said memory controller,
said bus comprising address, data and control lines;

said microprocessor being operable to initiate a memory access by placing address
signals on said address lines and control signals defining read/write operations on said

- control lines; _

said memory controller having an interleaved mode of operation and a direct
mode of operation, said memory controller comprising:

a first bank address decoder having an input connected to said address lines, said
first bank decoder being operative in response to decoding an address on said address
lines as being in said first range of addresses to generate a first Bank Select signal;

a second bank address decoder having an input connected to said address lines,
said second bank decoder being operative in response to decoding an address on said
address lines as being in said second range of addresses to generate a second Bank Select

~ signal;

a single logical circuit having a first input and a second input respectively
connected to said first decoder and to said second decoder to respectively receive said
first Bank Select signal and said second Bank Select signal, said logical circuit being
operable to produce an active output signal in response to receiving one of said first and
second Bank Select signals from one of said first and second decoders;

mode control means having first and second inputs and first and second outputs,
said first and second inputs respectively connected to said first decoder and to said
second decoder to respectively receive said first bank select signal and said second bank
select signal, said first and second inputs being further connected to said logical circuit to
receive said active output signal therefrom, said mode control means being selectively set
to operate in either one of a direct mode and an interleave mode, said mode control
means being operable when set to operate in direct mode to pass said first bank select
signal to said first output and pass said second bank select signal to said second output,
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pass said active output signal from said logical circuit to both said first output and said
second output;

and timing means connected to said first and second outputs of said mode control
means for receiving signals passed by said mode control means, said timing means being
further connected to said memory banks for selectively accessing said banks in response
to said signals passed by said mode control means, whereby in response to said decoders
receiving a single address a single one of said memory banks is accessed when said mode
control means operatesl in said direct mode and both of said memory banks are accessed
when said mode control means operates in said interleave mode.
2. A data processing system in accordance with claim 1 wherein said mode control
means comprises: -

a register for storing a mode control signal defining the mode of operation of said
memory controller;

and multiplexer means including said first and second inputs and said first and
second outputs of said mode control means, said multiplexer further having a control
input connected to said register to receive said mode control signal and operate in
accordance with said control signal.
3. A data processing system in accordance with claim 2 comprising:

an I/O port, said register being part of said I/0 port and being settable upon
writing said mode control signal to said I/O port.



ané&- ti-d ng nmeans (44) connected to said nultiplexer neans and said banks
for producing nenory cycling signals including row|gxs ;
to access said banks, said timng nmeans bei ng oper gbYgs:: :

receiving said first signal to produce a single row gddress strobe |si gnal
for only one of said banks when operati n’é’ in the di rct A®SEP WAV d |t ijmi ng

i nterl eave node. 8. A nenory controller in &g ab aim?7
conpri si ng: an I/O port (40), said register,_ (132) be| ng part of said
port and being set MEMORVQONTROLIER FOR DIRECT OR INTERIEAWBI d port.
MEMORY ACCESSING
ABSTRACT

A data processing system includes a processor for accessing a memory in either a
direct mode or an indirect mode. The memory includes at least two memory banks (112,
114) and two decoders (116, 118) for decoding bank addresses. The decoders (116, 118)
produce bank select signals. In direct mode, the decoder outputs are generated according to
which bank (112, 114) is addressed. In interleave mode, the two decoder outputs are ANDed
to select both banks covering the address range of the selected banks (112,114).
- Fig. 4



