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DATA PROCESSI NG APPARATUS FOR DYNAM CALLY SETTING TIMNGS IN A Py
MEMORY, SYSTEM This invention relates to the field of data proceSsi and’
m)re“b’aru tularly, to apparatus for dynamically setting the tim ngs in a
menory capable of ‘'using a plurality of different types.of dynam c random
access nenory (EDRAMosmnduUl es. Currently, data processing systens such as
personal conputers |ncI ude a st em nmenor hav a pluralit of nmenory
nodul es conposed of APPARRTY Fﬁ”‘glf TR DYMEs is a single
in-1ine nmenory nodul e (SI I\/M i N INAR Mprmafl FESYEMOf DRAM chi ps are
integrated into a

This invention relates to the field of data processing, and, more
-particularly, to apparatus for dynamically setting the timings in a
memory capable of using a plurality of different types of dynamic random

access memory (DRAM) modules.

Currently, data processing systems such as personal computers
include a system memory having a plurality of memory modules composed of
DRAM modules. A common form of such modules is a single in-line memory
module (SIMM) in which a plurality of DRAM chips are integrated into a
single packaée. Many personal computers are built with a plurality of
sockets into which the SIMMs can be plugged. In many cases, the sockets
are not initially filled, but as the user's needs increase, additional
SIMMs are added.

Each module is characterised by many factors such as size or memory
capacity, speéd, memory address organisation or ratio of rows to c&lumns,
etc. A memory module alsoc requires timing or control signals to be
presented thereto in precisely timed manner in accordance with the timing
requirements of the module. Such timing requirements include pulse
widths, transition times, hold times, precharge times, etc. Although
there are many different times associated with a DRAM, the speed thereof
is normally expressed by the data access time from the falling edge of
RAS (see below). A DRBM is accessed by applying different actuating
signals thereto in predefined sequences dependent on the type of memory
function. A typical DRAM has terminals for receiving signals such as
write enable (WE#), DATA in and out, multiplexed row address and column

address, row address strobe (RAS), and column address strobe (CAS).

In a data processing system, access to memory is controlled by a
wemory controller. Memory controllers are typically designed to.support
a pakticular type of memory and run at a particular speed determined by
the system clock or speed of a’microprocessor. The memory controller
hardware must be designed to accommodate the timing requirements of

different speed DRAMs. In addition, as the operating freguency of the
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si ngl e package. Many personal conputers are built with a plurality of
sockets into which the SIMW can be plugged. In many cases, the sockets are
not #nititally fiIIed but as the user's needs increase, additional SI MV
are added. Eag, gnqgle is characterised,by nmany factors such as size or
menory capaC|ty, speed menory address organlsatlon or ratio of rows to

col umms, et C.meforfBiTREp1 182014 enciéa364, EXpLihdretart imdEt1ghade GOMhé @Rlimisggnal s to be

pr esent ed thqreg&lgenxents%@%ésmstﬂao&@emwtean accordance with the timng
requi renents of the nodule. Such timng requirenents include pul se w dths,

transition tinmes, hold tinmes, precharge tinmes, etc. Although
When a glven system has room for adding memory modules, such modules

generally have to run at the same speed or faster than the original
modules for which the associated memory controller has been designed.
When faster modules are added, the system still runs at the slower design
speed so that the speed of the faster modules cannot be taken advantage
of.

A typical data processing system to which the invention is
applicable includes a microprocessor chip, a memory having plural SIMMs,
a memory controller, a direct memory access (DMA) controller, an
expansion bus, and 1/0 devices. The microprocessor can be within a
family such as the well known Intel 80386 and 80486 microprocessors, and
selected to operate at one of the available speeds, such as 25 Mhz or 33
Mhz, for the 80386. The SIMM type can be from 30ns to 100ns using
different sizes and address organisations. With such a selection of
processors and SIMMs, a system designer or a user can orient a given
system to a wide variety of needs and applications. The problem then
becomes one of designing a memory controller to operate at different

speeds to control different types of memory modules.

Bccording to the present invention there is now provided a data
processing system comprising: a dynamic read/write memory including at
least one memory module having a multiplicity of addressable storage
locations; a memory controller for controlling operation of said memory;
a processor for initiating memory access cycles to read data from said
memory and write data into said memory, said processor being operable to
selectively produce accessing signals including cycle definition and
address signals to start a memory access cycle; and bus means
interconnecting said processor, said memory, and said memory controller
to transfer data and accessing signals therebetween; said ﬁemory module
being operable in response to receiving module operating signals
including cycle definition, row address, column ad@ress, row address
strobe, and column address strobe signals, to read and write data in

accordance with said cycle definition signals; sald memory controller
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there are.many different times associated with a DRAM the speed t her eof

normal |y expressed by the data access tinme fromthe falling edge of RAS
A DRAM i s accessed by applying different actuating signals

(see bel ow)

thereto in precdebied sequences dependerd on the type of menory function.

typi cal DRAM has termnals for receiving signals such as wite enable

(VE#), DATA i ReigacPrersble fiolltrpqsnitx axhdrusfnledehesatd g APNels tRrpriddemesys
addr ess st r obeoquRAS), reatils€ @b Wt i00Qr £6&ss5ig 6138a sCAG) .salpdceba tpr 0cessi ng

system accessid.@ m&mz%/ ab&sL Pl Oléhgz%c&\héeanﬁm{ay sspaménBLJ ContrMBIPT Y.

controllers are tysgs

and run at a

eSI

Partlc

controlllng timing of said module operating signals, and a sequencer
responsive to said pulse control signals to transmit to said memory
module each time said memory is accessed signals the lengths of which are

dynamically controlled by said pulse control signals.
In the drawings:

'Fig. 1 is a block diagram of a data processing system embodying the

invention:

Fig. 2 is a block diagram of a portion of the memory controller

shown in Fig. 1;

Fig. 3 is a schematic diagram of a SIMM type memory module used in

the memory shown in Fig. 1;

Fig. 4 is a timing diagram illustrating the operation of the module

shown in Fig. 3;

Fig. 5 is a timing diagram showing page hit and page miss cycles and

various possible pulse widths;

Fig. 6 is a state diagram of a portion of the memory controller
useful in understanding how the control signals in Fig. 5 are produced;

and

Fig. 7 is a timing diagram showing examples of timing requirements

for different illustrative conditions.-

Referring now to the drawings and first to Fig. 1, the data
processing system shown therein 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
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the systemclock or speed of a mcroprocessor. The nenory controller

har dwar e nmust be designed to accommbdate the tining requirenments of

di ffeérent *speed DRAMs. In addition, as the operating frequency of the 2
menory contzgeeldosdasai S i Ncreased, the hgrdware nust change if the timng
requi rements of the DRAMs have been viol ated. Wien a given system has room
f or addi ng inetrdeutrwindesresing Sycten (BIRS) e non-volatile RAM (NVRAM) 22 for

storing setup and configuration information, a direct memory access (DMA)
controller 24, an expansion bus 26 connected to a plurality of expansion
sockets 27-1 through 27-n, and a busmaster 28 connected to expansion
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 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 and operation as
described below, the system is constructed in accordance with known
principles 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 thgt the many
support and other devices commonly included in a data processing system

have been omitted for simplicity of illustration.

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 microprocessor 10
accesses memory l4. It is apparent to those skilled in the art how other
deyices 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 1or 4 Mbytes, and operable at RAS speeds
of 30-100uns.

Before proceeding with further description of the invention, it is
felt that a review of the general operation of an exemplary SIMM would be
useful. With reference to Figs. 3 and 4, a SIMM has a plurality of input
lines including a line 52 for receiving a row address strobs {RAS)

signal, four lines 54 for receiving column address strobe {CAS) signals
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generally have to run at the sanme speed or faster than the original nodul es
for which the associated nmenory controller has been designed. Wen faster
nmodul €s aré added, the systemstill runs at the slower design speed so that
the speed of the faster nodules cannot bg taken advantage of. A typical
dat a processi mj’9's"§’§?4ém to which the i nve%t lon is applicable includes a
31 cr OItor 0CesSOr(c&fispo), 3 mgé/f&ai@lcl@gri% urahteSbiM (s RERRY, inmg 3' ler, a

i rect menory access control l er. an.expansi on hus, an evi ces.
The m croprocés lslf)a(ril%"a%lpﬂ\j@eﬁ/i 5t%h‘li°ﬁ ERE i 'f/ulgff?: 'oas T ﬁggﬁf famg ﬁ%(/‘\’/ﬂ“l nt el
80386 and 8048B9FASE rdpedeesh shuraligh PPt 6@ devs Berhieruitandrdteift t he

avai | abl e speedses Sarciraasni2Giny/ldataointd®3anitmt df oghe t4191.80B8E. 1ibke 651 MM t ype

can be from 30;,psyt wdi00 Rged8d REL Siviuf erent sizes and address

The operation of a SIMM is cyclic. At the beginning a cycle, the
WE# signal is set to either a read opefation or a write operation. A RAS
signal is applied at time T0 to initiate the SIMM cycle whereby the SIMM
-internally precharges the row address,-the signal continuing for a period
Pl which defines the RAS precharge time. At time T1, the row address
signals become valid and thereafter at time T2, RAS.drops to define a
strobe indicating to the SIMM that the row address is wvalid. The row
address is held valid for a period P2 after which a transition from the
row address to the column address begins, the transition time depending
on how fast MUX 76 can switch from valid row address signals to valid
column address signals. Each CAS signal falls or strobes at time T4
after which the column address line is held valid for a period P3
allowing such address to be used in the SIMM. During a read access,
after a lapse of a period P4 from when the CAS strobe occurred, the data
from SIMM is outputted as valid data. During a write operation, data
being written into the SIMM has to be valid at a time TS5 to provide a
data setup periocd P9 immediately preceding the CAS strobe at T4. Data in
should be held valid for a period P5 allowing the data to be read into
the SIMM. RAS is held down for at least period P6 which is the RAS
access of the SIMM. For example, in a 70ns SIMM, period P6, which is
known as the RAS access, is 70ns. The period P7, between the falling
edge of RAS and the falling edge of CAS, is known as the RAS to CAS

timing.

While there are many timing requirements associated with a given
SIMM, the three signals covering periods P1l, P7, and P8 respectively
defining the RAS precharge time, RAS to CAS time, and CAS pulse width,
are of importance to the invention for the following reasons. The timing
requirements of a giveﬁ SIMM specify the minimum periods which must be
followed in order for the SIMM to operate préperly: Timing and control
signals are supplied by memory controller 12 which operates at the speed

of the system clock. Memory controller 12 creates the signals to operate
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organi sations. Wth such a selection of processors and SI MV, a system

desi gner or a user can orient a given systemto a wide variety of needs and
appl i tati ofis. The probl em then becones one of designing a nenory controller .
to operate ads-db-bherent speeds to contgol different types of nenory

nmodul es. SUMVARY OF THE INVENTION It is an object of the present invention
to anel i or athe wverDRodvbes iy PsardviHar dgede glrsteeseptd- ot &y £o Agisraleng to one
aspect of tb&ipfyesenéast nihanitihOfim ttheing reguipemvitded the dabay psdtessi ng system
conpri sing: u&edéﬁe@iﬁlsaﬁfad&%aﬁer rlrm@i:yuéen@ﬁeuglloag cfo1R) Woghkdaynpf menory

modul es eacl), Y00 fock! 4 Blebde/ s 2heATHLCSSBRLS, BOLARS chOSELLENS 2 sinale
signals being integral(s) of the clock periods to satisfy the minimum

timing requirements for such SIMM. Obviously, such created signals may -
be longer than the miﬁimum requirements but they should never be shorter.
By setting the: RAS precharge time, the RAS to CAS time, and the CAS pulse
width in accordance with an appropriate number of clock cycles, the

'majority of timing requirements of different SIMMs can be readily met.

Microprocessor 10 is preferably an 80386 microprocessor operable at
a speed of 16 Mhz, 20 ﬁhz, 25 Mhz, or 33Mhz or an 80486 microprocessor
operable at a speed of 25 Mhz or 33 Mhz. Memory controller 12 is
designed to work across a range of frequencies including the speed at
which a given microprocessor 10 operates. The frequency of operation of
a system clock (not shown) controls the memory controller and determines
the length or period of each clock pulse. As noted above, SIMMs 16 can
have different timings, and controller 12 is programmed to provide
signals having the appropriate pulse widths measured in clock pulses to
operate the SIMMs. When the basic frequency of operation is changed,
such as by upgrading the microprocessor for faster operation, the
programmed timings can be changed to compensate for the change in clock

pulse width.

Referring to Fig. 2, memory controller 12 comprises a plurality of
SIMM definition registers (SDR) 40-1 through 40-n, there being one
register for each SIMM in the system. Each SDR 40 is an eight bit

register for storing the following information:

Bits MS1,2- SIMM or memory size and RAS and CAS address organisation,

i.e., the number of column address bits and row address bits;

00= 8 x 10
01=9x9
10= 10 x 10

11l= reserved
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contraoller for controlling operation of all of said nenory nodul es; a
processor for initiating nenory access cycles to read data fromsaid nenory
and Write data into said nmenory, said processor being operable to

sel ectively progycg_ggeessing signals including cycle definition and
address signals to start a nenory access cycle; and bus neans

i nt er connect i NpisAiCHSIL-OCES pfilse waaih( ITRNDhYmperaBfl cxizk buleATirycloey 0l | er to
transfer data apdaresesshig Sighal s therebetween; each mermory nodul e being
accessible in response to recelving nodul e operating signals including
read/ wite, row address, columm address, row address strobe (RAS), and

col um address strobe P@ASKlagkgnal s; said nenory controller being operable
to transmt said nodul e=opeta&ksng signals to a nenory nodule, in response
to receiving accessi ng;si gRalgsfrom sai d processor, said nmenory controller

conpri sing 11= 4 clocks

Bits RTC1,2- RAS to CAS, i.e, number of clocks from the falling edge of
RAS to the falling edge of CAS during a page miss, or number of clocks
from beginning of cycle to falling edge of CAS during a page hit cycle;

00= 0 clock
" 01= 1 clock
10= 2 clocks

11= reéerved

Bits RAS1,2- RAS precharge, i.e., number of clocks in which RAS is held

inactive for a page miss;

00= 1 clock
0l1= 2 clocks
10= 3 clocks
11= 4 clocks

Controller 12 also includes a plurality of base address registers
(BARs) 42-1 through 42-2n, there being one such register for each memory
bank in the associated SIMM. Since each SIMM could have two banks, there
are two BARs for eéch respective SIMM. Each BRAR 42 is an eight bit
register for storing the base or starting address of the corresponding
bank.

Controller 12 also includes a plurality of SIMM select circuits 44-1

through 44-n, there being one circuit 44 for each SIMM. An address bus

46 is connected to receive addresses from CFU bus.30A and transmit such
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timng means including a clock input line for receiving system clock
signal.s and operating said menory controller at the speed of said system
cl ock S|gnals a plurality of progrannable definition registers each

associ ated W th,g gliff,erent one of said ngnory nodul es, each definition
regi ster being operative to store pulse control signals specific to 3
the timng requidesee so oirchiii® asseaimtaduiteMEy anderinesteg abdrepeilvee contr ol

signals in eacmhde‘a‘ag@la&ax@&egef%ﬁﬁer aSREGHEY b0 4 S 3hdl chd BMGiLEGUS eMent s as

it egr al nurrberb?Sl fgo% the associated SDR 40. 1In response thereto, each circuit 44

determines if the address corresponds to the range of the corresponding
SIMM, and if it does, then such'circuit 44 outputs a SIMM Select signal
to a logic circuit 47. If the address is not within such range, no such
signal is generated. When memory 14 is accessed, one SIMM Select signal

is active.

- A latch 49 is connected to bus 46 and to comparator 48. Latch 49
stores therein the address of the last access and comparator 48 compares
such old address with the new address to see if both reference the same
page. After the comparison is made, the new address is stored in latch
49 as the old address. The output of comparator 48 is a signal
indicating that a page hit cycle will occur. R page is defined as the
number of bytes accessed with a given row address. Thus comparator 48
determines whether the row addresses of the old and new addresses are the

same.

Logic 47 receives inputs from each of circuits 44 and from page hit
comparator 48. Logic 47 produces three outputs on lines 70, 72, and 74.
Controller 12 further includes an address multiplexer (MUX) 76, a
plurality of n-to-1 MUXs 77-79, and a sequencer 80 which are respectively
connected to lines 70, 74, and 72 to receive the output signals from
logic 47. MUX 77 is connected to each of the SDRs and receives therefrom
RAS1,2 signals. MUX 78 is connected to each SDR and receives RTC1,2
signals. MUX 79 is connected to each SDR and receives therefrom CASi,2
signals. MUXs 77-79 also have a control input connected to line 74 and

‘the MUX control output from logic 47.

When any one of the outputs from SIMM select circuits 44 becomes
active, logic 47 will produce output signals as follows. First, an output
will be made on 74 to gate the MUXes to pass the RAS1,2, RTC1,2, and
CAS1,2 signals from the SDR associated with the selected SIMM, to
sequencer 80. The sequencér contains three counters (not shown) for
receiving such signals and generating the RAS precharge, the RAS to CAS,

and the CAS pulse widths in accordance with the clocks specified in
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cl ock periods, a sequencer connected to said nenory nodul es for generating
sai d nodul e operating signals; and neans, responsive to said address

signal s, .for gating said pulse control signals fromthe definition register
associated wth the nmenory nodul e bei ng addressed, to said sequencer, said
sequencer bei ngegofepati ve to set the timgng of said nodul e operating
signals in accordance with the timng requirenents specified by said pul se
cont rol si gnal rAs1DESGRIL RTafONCKSE, 2T HEeREF BRREUENBGDMMENTGE) FH1g.vel i S a

bl ock di agram gdtiq Qxatm,eows#éﬂpngteay@t&%&e&ogngcé ke dnneneitl N, Fig. 2

|sablockd|ara onroler sho hi F|g 1;
Fig. 3is a sc Tt?%pﬁmga{r 5?1%?‘ ?ccessgfwr‘f)?bwusrrﬁ Pisdlire cﬁvxn in the

menor y Thlrd control signals are placed on line 70 1ndlcat1ng on a page miss
which SIMM is selectéd enabling MUX 76 to multiplex row and column
address signals in accordance with the memory organisation bits MS1,2 of
the selected SIMM and with the type of memory cycle. MUX 76 extracts
from the address on bus 46 the appropriate number of row address bits and
column address bits which number is determined by the information stored
in the selected SDR 40.

Controller 12 further includes a refresh register 90 which stores
four bits for controlling the refresh timing. The bits are RP1,2, for
controlling the refresh precharge width, and RPW1,2 for controlling the
refresh pulse width. Refresh requests are controlled by the DMA. The
four bits are set for the worse case requirement of the SIMMs, so as to
satisfy all the SIMMs. This reduces the complexity of the system and
does not degrade system performance because of the relative infrequency

of refresh.

The memory controller registers SDRs 40, BARs 42, and refresh
register 90 are accessible as I/0 ports and may be programmed in the
following manner. When the data processing system is setup and
configured, the information is read from the setup disk and/or entered by
a user and is stored in the non-volatile CMOS RAM 22. Subsequently, when
the system is powered on, the BIOS in ROM 18 copies the information into

the registers in memory controller 12.

Controller 12 is connected to control bus 30C to receive the
following accessing signals: ADS#, M/IO# W/R#, D/C# and CLK. Such
signals are inputted into sequencer 80. A signal MBE#(3:0) from bus 307
is inputted into 1ogic.100. Such signals afe provided in accordance with
the conventional operation of microprocessor 10, to control the memory
accessing, in the manner described below. Controller 80 is connected to
output lines 92, 94, 96, and 98 which respectively are connected to logic
100, logic 102, logic 102, and MUX 76. The output CAS on line 32 in

conjunction with the memory byte enable signals MBE#(3:0) causes logic
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shown i'n Fig. 1; Fig. 4 is a timng diagramillustrating the operation of
the nogule shown in Fig. 3; Fig. 5is a timng diagramshow ng page hit and
page nmiss cycles and various possible pulse widths; Fig. 6 is a state

di agram of a portlgn of the nmenory controll er useful in understandi ng how
t he control S|gna{’F i g. 5 are produced;®nd Fig. 7 is a timng diagram

showi ng exanpl es 106 tglagbﬁgu{eegyg,ggp m@tc%sfsgiec@'éclgx%ﬁ%t s&rjmu§r¥ iiinet%{l KT

d Ref irst to
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control ler 12, a SAefRbropch 8TMay Theyogtput signals on line 98 are timing signals which
tell MUX 76 when to transmit the RAS and CAS addresses.

Further details of the apparatus and the method of the invention
will be apparent from the following description of the operation relative
to the state and timing diagrams. With reference to Fig. 5, diagram A
shows some of the timing signals that occur during a page miss cycle, and
diagrams B shows the corresponding signals during a page hit cycle. A
page miss cycle precedes one or more page hit cycles. It is to be
understood that signals other than those shown in such diagrams occur
which have been omitted for simplicity of illustration and since they
operate in convention manner, such signals including the WE#, M/IO, D/C
and MBE#(3:0) from the processor. The CLK signal proceeds at the speed
of operation of the éontroller and the microprocessor and is the basic

timing signal for controlling the other signals.

A memory access cycle is divided by sequencer 80 into four states or
phases: a start phase S, a RAS precharge phase P, a RAS to CAS phase RC,
and a CAS pulse phase C. Such phases are shown in the state diagram of
Fig..6, and the corresponding periods in the timing diagrams in Fig. S
are indicated using the same reference letter along with a suffix numeral
indicating the corresponding number of clock period in each phase. For

example, RC2 represents the second clock in the RAS to CAS phase.

Referring to Fig. 5, a determination is made during the start phase
5 whether the access cycle will be a page miss or a page hit cycle, and
dependent upon such determination, control passes either to phase P for a
page miss cycle, or to phase RC for a page hit cycle. During a prage miss
cycle, a determination is made in period Pl whether another P period is
needed, in accordance with the number of clock periods determined by
bits RAS1,2 for the SIMM being accessed. That is, such bits determine
how many clock éeriods will occur during the P phase. Similarly, bits
RTC1,2 and bits CAS1,2 respectively define the number of clock periods in
the RC and C phases. o
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plurality of SIMVs 16-1 through 16-n, a bus interface 18, a read only

menmory (ROM) 20 for storing a basic 4 input/output operating system
(BI OS)', a hon-volatile RAM (NVRAM) 22 for storing setup and configuration
information, a direct nenory access (DVA) controller 24, an expansion bus
26 connected toBespbtrality of expansion sockets 27-1 through 27-n, and a

busmaster 28 connected to expansion
' Referring to Fig. 5, a cycle begins when the ADS signal goes low

during S1 and the conjunction of such low signal and the subsequent
rising of CLK initiates entry into the next phase. During a page miss
cycle, the next phase is P during which the row addresses are gafed to
the SIMM along with the RAS. In the example, the P phase is four
periods. This is followed by two periods of phase RC. During the first
period RC1l, RAS goes inactive and the column address is gated to the
SIMM. Upon completion of two periods, the C phase occurs for four
periods. During C1, the falling CAS signal strobes the column address
into the SIMM. During a page hit, similar signals are used except the P
phase is skipped since the SIMM is already precharged due to a prior page

miss cycle to the same row address.

During state S1, the SDRs are not analysed. The reason for this is
that the only decision that need be made during S1 is whether a page hit
or a page miss has occurred, and that is decided by comparator 48 on the
basis of the row address. Also during S1, the memory address is analysed
and the appropriate SIMM Select line is activated. Logic 47 emits MUX
Control signals on lines 74 to gate the appropriate signals from the SDR
of the selected SIMM into sequencer 80. Also, the PAGE HIT or PAGE MISS

signal into sequencer 80 is driven appropriately.

During P1l, which state is entered for a page miss cycle, the RAS
precharge (RAS1,2) signals are loaded into a counter (not shown) in
sequencer 80 which generates the RAS precharge pulse width in accordance
with the number of clocks specified. During a page miss cycle, there is
always at least one clock RAS precharge time, and therefore, by
dynamically selecting the appropriate SDR in the prior state, and
analysing the signals therefrom in the Pl state, there is no performance

degradation.

During a page hit cycle, the same events occur during S1 as
indicated above except that by determining a page hit cycle is occurring,
the controller branches from the S1 state to the RC1 state. The values
of RC1,2 loaded into sequencer 80 during S1 are used to generate the '
appropriate RAS to CAS time during RC1. Since RC1 always occurs in order

to setup column addresses correctly, there will be no performance

'\
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socket 27-1. Controller 12 is a dual port controller connected to a CPU bus
30 and a systembus 32. A data bus 30D is connected between nicroprocessor
10 and a buffer 34, and a data bus 32D is connected between bus interface
18 and a buffer 35 ~Buffers 34 and 35 arg connected to nenory 14 by the
data bus 36D of "a nenory bus 36. It shoul'd be noted that the addr ess,

control, and dadgRadabseforOfealtits 5851146 to Iose3detanBti36n ake pr&LggNCed using

t he respectivem§g$é$%es A, C, and D. Except for certain details of

control l er 12 and operation-as described bel ow, the systemis constructed

I n accordance with known principles and uses well| docunented, comrercially
avail abl e devi ces F§g. 7 illustrate timing diagram examples of hqw two different SIMMs

would be programmed to first operate in a 25Mhz system, and then in a 33°
Mhz system. The illustrations are for a page miss cycle. The menmory

SIMM specifications are:

. SIMM1 SIMM2
RAS ACCESS 30ns 80ns
RAS PRECHARGE 30ns 70ns
CAS ACCESS l4ns 35ns

The system specifications are:

Column address valid from RAS active 35ns

Read data setup time 10ns
Clock period 2SMhz 40ns
Clock period 33Mhz 30ns

The diagrams are for the following examples:

Diagram STMM Speed P RC C
7a SIMM1 25Mhz 1 1 1
7o - SIMM2 25Mhz 2 1 2
Tc SIMM1 . 33Mhz 2 2 1
74 SIMM2 33Mhz 3 2 2

The values under P, RC, and C represent the number of clock periods
of the respective phases necessary to meet the timing requirements for
SIMMs 1 and 2. Such values would be programmed into the associated SDRs
in accordance with the bit settings noted with reference to the
descriptions of SDRs 40. Each of the examples is arrived at in a similar
manner, so oniy one need be described in detail. Using the example for
diagram 7a, SIMM1 fequires a 30ns precharge.time (Pl in Fig. 4). Since

the clock period is 40ns, only one clock period is reguired for the P

e
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that further details thereof not necessary to an understandi ng of the

i nvention arne onmitted herefrom It is to be understood that the many
support  and ot her devices commonly included in a data processing system
have been omtted for sinplicity of ‘illustration. Wthin the system as

descri bed thus""fgé?‘f"o?f‘ermry 14 can be accésdsed by m croprocessor 10, DVA
control l'er 24, plgs_e.buﬁlenﬁ.stsg:rt'tﬁg%'mus§lmg&eti§!'lﬁn{ mg&rsﬁo@&@:ﬁ&.sﬁﬂgtﬂes simlar
for each such evige, he fol oW ng descrr | ption w laAf ebsg "QJatS,d to

i 11ustrating hoW R Cr b rSctE Bt PO R LTRSS SE s nEndry 14, 11 1S apparent to
those ski'lled FHurhaddsess mejwe dtibeer THe\d B8R AMSS YAfihatiry shevdd et fike menory .

Furt hernore, i hiniguw ESOgH1ES @ikdth time as set forth in the timing requirement of
the specific SIMM specification during a write cycle. During a read
cycle, the C time must meet the CAS access and data setup time allowing
for propagation delay and hold time in a device data latch. Quite
obviously, it is within the skill of the art to set the times in

accordance with the timing requirements of any given SIMM.

These examples illustrate several advantages of the invention.
First, different speed SIMMs cah be used with the same microprocessor in
the same system. Each time an access is made to a different SIMM, the
memory controller uses programmed settings to operate the controller and
provide the appropriate timings. Second, if the microprocessor speed is
changed, the same SIMMs can be used by changing the programmed settings

to satisfy the changed system speed.

Tliis Sheet Has Been Replaced




there are many different nmenory configurations but for the purpose of
illustrating the invention, nenory 14 is assunmed to have a maxi num capacity
of ei ght 32-bit wide SIMvs, each SI MM having one or two bankss—each bank

havi ng a capaci tys Qf_gk,Or 4 Moytes, and opgrable at RAS 30-100ns:
Bef ore proceeding with further descrl ption of the mvenUm (i t”!I'I” "I
that a review of the general operation aftams exenplary SI

useful. Wth _reference to Figs. 3 and 4, a SIMM has a pl urallty of |nput

lines including a Lne 5% for receivi n? achOV‘is‘i‘ddr ess strobe (RAS) si gnal
four |ines 54 for rece| VIrRG RSPt Obe (CAS) signals

a dynamic read/write memory (14) including at least one memory

module (16) having a multiplicity of addressable storage locations;
a memory controller (12) for controlling operation of said memory;

‘ a processor (10) for initiating memory access cycles to read data
from said memory and write data into said memory, said processor being
operable to selectively produce accessing signals including cycle

definition and address signals to start a memory access cycle;

and bus means (30, 32, 36) interconnecting said processor, said
memory, and said memory controller to transfer data and accessing signals

therebetween;

said memory module being operable in response to receiving module
operating signals including cycle definition, row address, column
address, row address strobe, and column address strobe signals, to read

and write data in accordance with said cycle definition signals;

said memory controller (12) being operable to transmit said module
operating signals to said memory medule in response to receiving
accessing signals from said processor to start a memory access cycle,
characterised in that said memory controller comprises a definition
register (40) for storing pulse control signals therein controlling
timing of said module operating signals, and a sequencer (80) responsive
to said pulse control signals to transmit to said memory module each time
said memory is accessed signals' the lengths of which are dynamically

controlled by said pulse control signals.
2. A data processing system in accordance with claim 1, wherein:

said memory (14) comprises a plurality of memory modules (16);

,______________~_‘—_;_‘_—__~
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5 (CAS 3:0), aline 56 for receiving a wite enable (WE#) sj l _ _
plurality of lines 58 for receiving nultiplexed row addres%mﬂ (k“‘h ‘]I\““\
address sitgnals. A plurality of lines 60 serve as both inpdty utputs - *

| i nes for trareaidtisag data into and out1of the SIMM Power |ines 61 supply
power to operate the SIMM The operation of a SIMMis cyclic. At the

begi nni ng a cycl e,anq f&id memory controller (12) comprises a plurallty of

programmable definition registers (40) each associated with a different

one of said memory modules and storing pulse control signals specific to
the associated one of said memory modules (16), said memory controller
including means (44) operable in response to said accessing signals to
select a module to be accessed and. transmit to said sequencer (80) pulse
control signals read from the one of said definition registers associated

with the one of said memory modules so selected.
3. A data processing system in accordance with claim 2 wherein:

one of said memory modules (16) is accessible in accordance with a

first set of timing requirements:

and another one of said memory modules (16) is accessible in
accordance with a second set of timing requirements different than said

first set;

said definition registers (40) being programmed to provide pulse
control signals meeting the timing requirements of both of said memory

modules.

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

comprising:

timing means for producing clock signals each of a fixed clock

period and transmitting said clock signals to said controller;

said pulse control signals in each definition register specifying
the lengths of signals controlled thereby in terms of a number of said
clock periods.

5. A data processing system in accordance with claim 4 wherein:

said pulse control signals determine RAS precharge time, RAS to CAS

time, and CAS pulse width during memory access cycles.

-
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WE# signal is set to either a read operation or a wit l IJNU“E/I
signal ;is gpplied at tine TOto initiate the SIM\AcycIS‘Mﬁ‘ﬂﬂ mm

i nternal | y precharges the row address, the signal contiruifig tor"a per| od
P1 which defi n&8-1he4*RAS precharge tine. &t tine T1, the row address

signal s becone valdd ﬁ”%t hereaftgrsgﬁem mn;ch;danclgAgﬂg -90% 1 endefj.ne a

strobe |nd|cat|ngto PRR T Ha row address is valid. The row
address is held valid for a period P2 after which a transition fromthe row
address to the colsshh sexberaess(8beds mperablrein regpsise| ionsaifl irentgeplendilal on how
fast MUX 76 careceiMihg Bafd Qi¥essahd dignal aeldr 258 pSo@sdi Stot @queaké dhambhimm
‘address signal 3., 53¢RsRS &' BAlaifPL! Raflf oSkE ORGSSs FredhlilR sthte, a ras

to CAS state, arid a CAS state during which said operating signals are

transmitted to one of said memory modules.

7. A data processing system in accordance with claim & wherein:

said controller comprises means responsive to receipt of said
accessing signals for controlling said sequencer to cycle through a page
miss cycle or a page hit cycle, said page miss cycle being a series of
all of said states, said page hit cycle being a series of all of said

states except for said RAS precharge state.
8. A data processing system in accordance with claim 7 wherein:

said address signals include a row address, and said controller
comprises a comparator (48) for storing an old row address of a row
accessed in a preceding memory access, said comparator including.an input
for receiving a new row address of a storage location to be accessed, and
comparing said new address to said old address and outputting in response

to such comparison ‘a page hit control signal.
9. A data processing system in accordance with claim 8 whefein:
said page hit signal is produced during said start state and is used
to enter said RAS precharge state for a page miss cycle and to enter said
RAS to CAs state for a page hit cycle.
10. A data processing system in accordance with claim 8 wherein:
said pulse control signals are read into said sequencer during said

" RAS precharge state when cycling through a page miss cycle and during

said RAS to CAS state when cycling through a page hit cycle.

\

This Sheet H;

i



after which the colum address line is held valid for a

g
such agdresj,g to be used in the SIMM During a read access, )f
a period P4 fromwhen the CAS strobe occurred, the data fﬂﬂj&ﬂm‘\gﬂ[ﬂm‘f
out putted as vaJCj_,_QgOgiDa)I%a. During a wite operation, data b c Wy tvensinto
the SIMM has to be valid at a tine T5 to provide a data setup period P9

i medi at el y preceding 4 kg trobe at T4. Data-in should be held valid
for a period P5 allow ng ta%gtcj%fsé"gt VT FeatFordmrer vié SaMVio RAS.is hel d
down for at least period P6 which is the RAS access of the SIMM For

exanpl e, in a 70ns Sf M¥tsepeantod f6palehicediniske 013 otfhs%iBAﬁz?s access, s

70ns. The peri B FFoe bettapenid ks tolhd Qhte, ang said cas state
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edge of RAS and the falling edge of CAS, is known as the RAS to CAS tim ng.
While there are many timng requirements associated with a given SIMM the
three Signdls covering periods P1, P7, and P8 respectively defining the RAS
precharge tinme, RAS to CAS tine, and CAS pulse width, are of inportancé to
t he i nventi on®¥1P0tMe foll owi ng reasons. 18The ti m' ng requi rements of a given
SI MM specify the m %Igmm erIl ods_whi ch I MM%rder for the
SIMM to operate prop F§7°. ﬁﬁﬁ?ﬁﬁp%galscfgﬁth%%ﬁ? % & suppl i ed by nenory
control l er 12 which operates affNtthYNSWEHHMERY FIFEEMSy st em cl ock. Menory
controller 12 creates the signals to operate

ABSTRACT

' A data processing system includes a memory controller for accessing
a dynamic memory having a plurality of SIMMs that differ in size and
speed of operation. The memory controller is operable in response to a
request to access a given SIMM to read a SIMM definition register and
dynamically produce memory access signals in accordance with the timing
requirements of the particular SIMM being accessed. Such signals are set
each time a SIMM is accessed. The signals provide different clock

periods of RAS precharge time, RAS to CAS time, and CAS pulse width.



6 the menory nodules in proportion to the system speed, so as to achieve or
satisfy at least the mninumtimng requirements of the menory nodul es.

Mor e spiam..f,.kcal ly, controller 12 will use the clock cycles supplied by the
system clock to create signals for operating the SIMM the created signals
bei ng integral (s) of the clock periods to satlsfy the mninmumtimng

requi rements for such SIMM CObviously, such created signals may
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be |l onger than the m ni mum requirenents but they should never be shorter.
By setting the RAS precharge tinme, the RAS to CAS tine, and the CAS pul se
wi dth kn acgordance with an appropriate nunmber of clock cycles, the
majority of timng requirenents of different SIMVs can be readily net.

M croprocessor 10 is preferably an 80386 m croprocessor operable at a speed
of 16 Mz, 20 WMhz, 25 Mhz, or 33Mhz or an 80486 m croprocessor operable at
a speed of 25 Mhz or 33 Mhz. Menory control 1248 12 is designed to work
across a range of frequencies including the speed at which a given

m croprocessor 10 operates. The frequency of operation of a system cl ock
(not shown) controls the nenory controller and determ nes

2A 2B
2C
FIG2
-------------------------------------- [T
RP1.2 S ;
RPW1.2 g i
90 U ;
REFRESH 1
REGISTER E H
ADS # N !
MO # C i
WIR# 1
DIC # E i
CLK R t
- ]
MBE”BK?) B 10100 ?
FIG 2C
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the I ength or period of each clock pulse. As noted above, SIMWs 16 can have

different timngs, and controller 12 is progranmed to provide signals

havi nget he appropriate pul se wi dths neasured in clock pulses to operate the

SI M. .When the basic frequency of operation is changed, such as by

upgradi ng the m croprocessor for faster operation, the programmed tim ngs

- can be changed to conpensate for the changeyjign cl ock pul se width. Referring
to Fig. 2, nenory controller 12 conprises a plurality of SIM definitijon

registers (SDR) 46DPREBSBROM 388-n. there being dne.fegi JMerrfaxaeach I MV
in the system Eaph SDR 40;9) s ap eight Dbit MS12 | R\C ADDRESSES !
48, - :
LaTcH / ' CONTROL 6 g B
T an [ ) ,
new| C€OMF |PAGEHIT |70 !
: BANK SELECTS }
46 441 :
/ ;
421 : i
AN B 1
BAR l
22 ; - | | PAGEHIT E
N BAR ‘1:- LocIq PAGE MISS }
> a1 MUX / !
CONTROL H
!—-\-74 2 !
. ]
442 C |
Z - s |
3 RAS RAS12 H
423 E MUX E 1
BAR L ] 1
42-4 c Q ;
o C [N
N BAR T - 7 U ||
[} .
R E |1
RTC RTC12 11
A L Mux N
40-2~ pa e C i
A Y A nl 44-n I
SS833 2 bk R B :
SDR |
s ) R :
42-2n-1 E cas|_ . _ CAS1.2 i
“~ BAR IE‘ 1 MU :
42-2n c |
I
EL R |SELECT :
,-L I
i
40-n _N—ar[]‘gg?; 80~ H
EREREIER _ E
SDR Flg 2A ¥
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register for storing the following information: Bits M1, 2- SIMM or nenory
si ze and RAS and CAS address organisation, i.e., the nunber of colum
addr ess ‘bi t s*and rOM/address bits; 00=8 x 10 01= 9 x 9 10= 10x 10 11=
reserved :

4L]8
MULTIPLEXED
{ R\CADDRESSES . 98 —1
1 ' 5 .
987 | 58 ' 155
H =102
1
BANK SELECTS L | RASO SIMM
H O | RaS1 '
G | _RAS2
: I | ras3
o6—3 Ras| C | ras4 ]
;I ] RASS
: 162
![ REFRESH
]
S SIMM
E |}
Q i
U : WEi
E R
N L3\'80 —
C i
E |} 92 1635
R 1
1 <100
: SIMM
1 L
ECAS (o)
1 G
1
b4 T [casGo
I C )
i
! 94
] .
]
]
]
i
! AMBE#(S:O) FIG 2B
:
—_—
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7 Bits CAS1, 2- CAS pulse width, i.e., nunber of clock pulses or clocks in
which CAS is held active; 00= 1 clock 01= 2 clocks 10= 3 clocks 11= 4
clocks Bits RTC1,2- RAS to CAS, i.e, nunber of clocks fromthe falling edge
of RASto the falling edge of CAS during a page mss, or nunber of clocks
from begi nning of cycle to falling edge of CAS during a page hit cycle;

5/8
FIG 3
60
\. RAS DATAGLO) /.
54
N\ CAS(3:0) SIMM
56 .
\\ WE#
. el
\\ R/C ADDR rowsr /.
FIG 6

PAGE HIT _
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00= 0 clock 01= 1 clock 10= 2 clocks 11= reserved Bits RASIL, 2- RAS
precharge, i.e., nunber of clocks in which RAS is held inactive for a page
m ss; PO= 1, clock 01= 2 clocks 10= 3 clocks 11= 4 cl ocks

618
FIG 4
o 12 ;
' p1 ! P6 !
| -
1 ] :
RAS !
ok i
| | A N
R/C ADDR g COLUNMN X
s Sm———
s DE
! '<——:———>; '
H i P8 ;
cas | Nt/
i P7 L P4
P
DATA ; 2 .
P9§ :
DATA N
IN . VALID

;
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Controller 12 also includes a plurality of base address registers (BARs)
42-1 through 42-2n, there being one such register for each nenory bank in

t he associ aked SIMM Since each SI MM coul d have two banks, there .are two
BARs for each respective SIMM Each BAR 42 is an eight bit register for
storing the base or starting address of the correspondi ng bank. Controller
12 also includes a plurality of SIMMselect circuits 44-1 through 44-n,
there being one circuit 44 for each SI MM An T8dr ess bus 46 is connected to
recei ve addresses from CPU bus 30A and transmt such

FIG. 5

PAGE MISS' S1 PIL P2 P3 P4 RCI RC2 C1 C2 3 4
CLK g T T T T o I I
ADSH 118 I A A

R/C ADDR i Yt mowé D {COLUMN

T I [ e S

CASH P11 ¢ x4 ilxhehied
A)

PAGE HIT S1 RCIRC2Z Ct C2 (C3 (4

aosg LA L

R/C ADDR i+ Xi i cotumd

RAS# S S S S S S

CAS# Por o lraxhey
B)

* SEQUENCER USES VALUES FROM SIMM DEF REGISTER TO
DETERMINE NEXT STATE
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8 addresses to circuits 44. Such circuits also are connected to receive the
base addresses fromthe associated BAR 42 and the SIMM size bits MS1,2 from
t he assdci ated SDR 40. In response thereto, each circuit 44 determnes if

t he address corresponds to the range of the corresponding SIMM and if it
does, then such circuit 44 outputs a SIMM Select signal to a logic circuit
47. If the address is not within such range,, no such signal is generated.
When nmenory 14 is accessed, one SI MM Sel ecta,§i gnal

FIG. 7
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This invention relates to the field of data processing, and, more
particularly, to apparatus for dynamically setting the timings in a
memory capable of using a plurality of different types of dynamic random

access memory (DRAM) modules.

Currently, data processing systems such as personal compﬁters
include a system memory having a plurality of memory modules composed of
DRAM modules. A common form of such modules is a single in-line memory

module (SIMM) in which a plurality of DRAM chips are integrated into a

‘single package. Many personal computers are built with a plurality of

sockets into which the SIMMs can be plugged. In many cases, the sockets
are not initially filled, but as the user's needs increase, additional
SIMMs are added.

Each module is characterised by many factors such as size or memory
capacity, speed, memory address organisation or ratio of rows to columns,
etc. A memory module also requires timiné or control signals to be
presented thereto in precisely timed manner in accordance with the timing
requirements of the module. Such timing requirements include pulse
widths, transition times, hold times, precharge times, ete. Although
there are many different times associated with a DRAM, the speed thereof -
is normallf expressed by the data access time from the falling edge of
RAS (see below). A DRAM is accessed by applying different actuating
signals thereto in predefined sequences dependent on the type of memory
function. A typical DRAM has terminals for receiving signals such as
write enable (WE#), DATA in and out, multiplexed row address and column

address, row address strobe (RAS), and column address strobe (CAS).

In a data processing system, access to memory is controlled by a
memory controller. Memory controllers are typically designed to support

a particular type of memory and run at a particular speed determined by

“the system clock or speed of a microprocessor. The memory controller

hardware must be designed to accommodate the timing requirements of

different speed DRAMs. In addition, as the operating frequency of the

This is the replacement shest
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“Logic 47 receives inputs fromeach of circuits 44 and—from page hit
conparator 48. Logic 47 produces three outputs on IineshizgleetiﬁsBeﬁReﬁ:X

~Controller 12 further includes an address nultipl exer ( ality
‘of n-to-1 MUXs 77-79, and a sequencer 80 which are resp ted

r . 77

X

to lines 70, 74, and 72 to receive the output signals f

is connected to each of the SDRs and receiyges therefrom RASL, 2 signals. MJ
78 is connected to each SDR and receives RTCL, 2 signals. MJX 79 is
connected to easirySidRtaslder eizeimaeatdtyr eid barduARd mdsts icpasdes 1f MUXStifiing 9

al so have a control,J9PWe GRNBERLCHadLpbil'61deaRd the MIX control out put

fromlogic 47.

When a given system has room for adding memory modules, such modules
generally have to run at the samé speed or faster than the original
modules for which the associated memory controller has been designed.
When faster modules are added, the system still runs at the slower design
speed s0 that the speed of the faster modules cannot be taken advantage
of.

A typical data processing system to which the invention is

applicable includes a microprocessor chip, a memory having plural SIMMs,

a memory controller, a direct memory access (DMA) controller, an

| expansion bus, and I/0 devices. The microprocessor can be within a

; family such as the well known Intel 80386 and 80486 microprocessors, and
selected to operate at one of the available speeds, such as 25 Mhz or 33
Mhz, for the 80386. The SIMM type can be from 30ns to 100ns using
different sizes and address organisations. With such a selection of
processors and SIMMs, a system designer or a user can orient a given
éystem to a wide variety of needs and applications. The problem then
becomes one of designing a memory controller to operate at different
speeds to control different types of memory modules.

According to the present invention there is now‘provided a data
processing system comprising: a dynamic read/write memory including at
least one memory module having a multiplicity of addressablé storage
locations; a memory controller for controlling operation of said memory;
a processor for initiatiné memory access cycles to read data from said
memory and write data into said memory, said processor being operable to
selectively produce accessihg signals including cycle definition and
address signals to start a memory access cycle; and bus means
interconnecting said processor, said memory, and said memory controller
to transfer data and accessing signals therebetween; said memory module
being operable in response to réceiving module operating signals
including cycle definition, row address, column,address, row address
strobe, and column address strobe signals, to read and write data in

accordance witﬁ said cycle definition signals; said memory controller

This is the replacement sheet.
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When any one of the outputs from SI MM sel ect circui t5_44_becon%—aet—|+e

| ogic 47 will produce output signals as follows. First, R l

rade on 74 to gate the MJXes to pass the RASL, 2, RTCL, gnal S

fromthe SDR associated with the selected SIMM to seﬁ Z‘E ﬁiﬁﬁm

. sequencer contains three counters (not shown) for rece| al s
“and generating the RAS precharge, the RAS to CAS, and the CAS pul se w dths

i n accordance W|th the cl ocks specified i n3

being operable to transmit said module operating signals to said memory
module in response to receiving accessing signals from said processor to
start a memory access cycle, characterised in that said memory controller
comprises a definition register for storing pulse control signals therein
controlling timing of said module operating signals, and a sequéncer
'responsive to said pulse control signals to transmit to said memory
module each time said memory is accessed signals the lengths of which are

dynamically controlled by said pulse control signals.
In the drawings:

Fig. 1 is a block diagram of a data processing system embodying the

invention:

Fig. 2 is a block diagram of a portion of the memory controller

shown in Fig. 1;

Fig. 3 is a schematic diagram of a SIMM type memory module used in

the memory shown in Fig. 1;

Fig. 4 is a timing diagram illustrating the operation of the module

shown in Fig; 3;

Fig. 5 is a timing diagram showing page hit and page miss cycles and’

various possible pulse widths;

Fig. 6 is a state diagram of a portion of the memory controller
useful in understanding how the control signals in Fig. 5 are produced;

and

Fig. 7 is a timing diagram showing examples of timing requirements

for different illustrative conditions.-

Referring now to the drawings and first to Fig. 1, the data
processihg system shown therein 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 (kOM) 20 for storing a basic

This is the replacement sheet
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"9 RASI1, 2, RTCL, 2 and CAS1, 2. Second, an output Page Mss signal will be
active on line 72 and inputted to sequencer 80 to act as an enable or go
.Signal to proceed with accessing nenory 14 using a page mss cycle. Third,
control signals are placed on line 70 indicating on a page niss which SIMM
I's selected enabling MJUX 76 to nultiplex row and col um address signals in
accordance with the nenory organi sation bits Ms1l,2 of the selected SI MM and
with the type of nenory cycle. MUX 76 extracts fromthe address on bus 46

t he appropriate nunber of row address bits and col unm address bits which
nunber is det érpvtdeutpoy aperatimgosysten dBIGY)eredon-volatile RAM (NVRAM) 22 for

storing setup and configuration information, a direct memory access (DMA)
controller 24, an expansion bus 26 connected to a plurality of expansion
sockets 27-1 through 27-n, and a busmaster 28 connected to expansion
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 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 and operation as
described below, the system is constructed in accordance with known
principles 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.

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 microprocessor 10’
accesses memory 1l4. 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 haﬁing a capacity of 1 or 4 Mbytes, and operable at RAS speeds
of 30-100ns.

Before proceeding with further description of the invention, it is
felt that a review of the general operation of an exemplary SIMM would be
useful. With reference to Figs. 3 and 4, a SIMM has a plurality of input
lines including a line 52 for receiving a row address strobe {RAS) '

signal, four lines 54 for receiving column aﬁdress strobe (CAS) signalé
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in the selected SDR 40. Controller 12 further includes a refresh register
90 which stores four bits for controlling the refresh timng. The bits are
RP1,2, for controlling the refresh precharge width, and RPW, 2 for
controlling the refresh pulse width. Refresh requests are controlled by the
DVA. The four bits are set for the worse case requirenent of the SI Mk, so
as to satisfy all the SIMW. This reduces t.he conplexity of the system and
does not degrade system perfornmance becausé of the relative infrequency of

refresh. The mem@nYof0atiQlk! & cbfPelLKifig PRt 0enBNRI ) s3h1L! &lnaesh
pluralitf of lines 58 for receiving multiplexed row address and column
address signals. A plurality of lines 60 serve as both input and output
lines for transmitting data into and out of the SIMM. Power lines 61

supply power to operate the SIMM.

The operaticn of a SIMM is cyclic. At the beginning a cycle, the
WE# signal is set to either a read operation or a write operation. A RAS
signal is applied at time TO to initiate the SIMM cycle whereby the SIMM
internally precharges the row address, fhe signal continuiﬁg for a period
P1 which defines the RAS precharge time. At time T1, the row address
signals become valid and thereafter at time T2, RAS drops to define a
strobe indicating to the SIMM that the row address is valid. The row
address 1is held valid for a period P2 after which a transition from the
row address to the column address begins, the transition time depending
on how fast MUX 76 can switch from valid row address signals to valid
column address signals. BEach CAS signal falls or strobes at time T4
after which the column address line is held wvalid for a period P3
gllowing such address to be used in the SIMM. During a read access,
after a lapse of a period P4 from when thé_CAS strobe occurred, the data
from SIMM is outputted as wvalid data. During a write operation, data
being written into the SIMM has to be valid at a time T5 to provide a
data setup period P9 immediately preceding the CAS strobe at T4. Data in
should be held valid for a period P5 allowing the data to be read into
the SIMM. RAS is held down for at least period P6 which is the RAS
access of the SIMM. For example, in a 70ns SIMM, period P6, which is
known as the RAS access, is 70ns. The period P7, between the falling
edge of RAS and the falling edge of CAS, is known as the RAS to CAS
timing.

While there are many timing requirements associated with a given
SIMM, the three signals covering periods P1, P7, and P8 respectively
defining the RAS precharée time, RAS to CAS time, and CAS pulse width,
are of importance to the invention for the following reasons. The timing
requirements of a given SIMM specify the minimum periods which must be

followed in order for the SIMM to operate properly. Timing and control .

signals are supplied by memory controller 12 which operates at the speed

of the system clock. Memory controller 12 creates the signals to operate
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regi ster 90 dare accessible as 1/O ports and may be programred in the

fol l owi ng manner. \Wen the data processing systemis setup and configured,
tshe information is read fromthe setup disk and/or entered by a user and is
stored in the non-volatile CMOS RAM 22. Subsequently, when the systemis
powered on, the BIOS in ROM 18 copies the information into the registers in
menory controller 12. Controller 12 is conngcted to control bus 30C to
receive the followng accessing signals: ADS#, MIO¢t WR#, D/C# and CLK.

Such signals agmRe ek tRAuLEs QnSHIBSAGEH t%othea‘sfétgﬂaépewlz%(:sasol:o g,%PeU%r

0. Such signals are provid ed i n accordance
ag€ﬁ1ls I nputte atlgéy aLC¥Last é%e minimum timing requlreAgnts of the memory modules.

More specifically, controller 12 will use the clock cycles supplied by
the system clock to create signals for operating the SIMM, the created
signals being integral(s) of the clock periods to satisfy the minimum
timing requirements for such SIMM. Obviously, such created signals may
be longer than the minimum requirements but they should never be shorter.
By setting the RAS precharge time, the RAS to CAS time, and the CAS pulse
width in accordance with an appropriate number of clock cycles, the

majority of timing requirements of different SIMMs can be readily met.

Microprocessor 10 is preferably an 80386 microprocessor_operable at
a speed of 16 Mhz, 20 Mhz, 25 Mhz, or 33Mhz or an 80486 microprocessor
operable at a speed of 25 Mhz or 33 Mhz. Memory controller 12 is
designed to work across a range of frequencies including the speed at
which a given microprocessor 10 operates. The frequency of operation of
a system clock (not shown) controls the memory controller and determines
the length or period of each clock-pulse. As noted above, SIMMs 16 can
have different timings, and controller 12 is programmed to provide
signals having the appropriate pulse widths measured in clock pulses to
operate the SIMMs. When the basic frequency of operation is changed,
such as by upgrading the microprocessor for faster operation, the
programmed timings can be changed to compensate for the change in clock

pulse width.

Referring to Fig. 2, memory controller 12 comprises a plurality of
SIMM definition registers (SDR) 40-1 through 40-n, there being one
register for each SIMM in the system. Each SDR 40 is an eight bit

register for storing the following information:

Bits MS1,2- SIMM or memory size and RAS and CAS address organisation,

i.e., the number of column address bits and row address bits;

00= 8 x 10
01=9 x 9

10= 10 x 10 - This is the replacement shest

11= reserved
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t he conventional operation of mcroprocessor 10, to control the nenory
accessing, in the manner described below. Controller 80 is connected to
output lines 92, 94, 96, and 98 which respectively are connected to logic
100, logic 102, logic 102, and MJX 76. The output CAS on line 92 in
conjunction with the nenory byte enable signals MBE#(3:0) causes logic
10. 100 to apply the appropriate CAS select signal to a SINMon |ine 54.
The 7 '

Bits CAS1,2- CAS pulse width, i.e., number of clock pulses or clocks in

which CAS is held active:;

00= 1 clock
01= 2 clocks
10= 3 clocks
11= 4 clocks

Bits RTC1,2- RAS to CAS, i.e, number of clocks from the falling edge of
RAS to the falling edge of CAS during a page miss, or number of clocks
Erom beginning of cycle to falling edge of CAS during a page hit cycle;

00= 0 clock
0l1= 1 clock
10= 2 clocks

11= reserved

Bits RAS1,2- RAS precharge, i.e., number of clocks in which RAS is held

inactive for a page miss;

00= 1 clock
0l1= 2 clocks
10= 3 clocks
11= 4 clocks

Controller 12 also includes a plurality of base address registers
(BARs) 42-1 through 42-2n, there beiﬁg one such register for each memory
bank in the associated SIMM. Since each SIMM could have two banks, there
are two BARs for each respective SIMM. Each BAR 42 is an eight bit
register for storing the base or starting address of the corresponding

bank.

Contréller 12 also includes a plurality of SIMM select circuits 44-1
through 44-n, there being one circuit 44 for each SIMM. An address bus

46 is connected to receive addrésses from CPU bus 30A and transmit such .
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output signals on lines 94 and 96 control the RAS select signals on |ine 52
for each SIMM The output signals on line 98 are timng signals which tell
MUX 76 when to transmt the RAS and CAS addresses. Further details of the
apparatus and the nmethod of the invention will be apparent fromthe
fol l ow ng description of the operation relative to the state and tim ng
diagrans. Wth reference to Fig. 5, di agramaA shows some of the timng
signal s that occur during a page mss cycle,” and diagrans B shows the

correspondi ng rin C page_m ss recedes
one orprmre paég |tg§sc Ecéélr%u,ﬁspi‘ t uthe Yr éFs‘sta(::L)od%f?lact‘m%?c%‘g eE"r‘fé?’ethan
t hose shown i ntgg@ﬁsma@grms doourthe assoc1ated BAR 42 and the SIMM size bits

MS1,2 from the associated SDR 40. In response thereto, each circuit 44
determines if the address corresponds to the range of the corresponding
SIMM, and if it does, then such circuit 44 outputs a SIMM Select signal
to a logic circuit 47. If the address is not within such range, no such
signal is generated. When memory 14 is accessed, one SIMM Select signal

is active.

A latch 49 is connected to bus 46 and to comparator 48. Latch 49
stores therein the address of the last access and comparator 48 compares
such old address with the new address to see if both reference the same
page. After the comparison is made, the new address is stored in latch
49 as the old address. The output of comparator 48 is a signal
indicating that a page hit cycle will occur. A page is defined as the
number of bytes accessed with a given row address. Thus comparator 48
determines whether the row addresses of the old and new addresses are the

same.

Logic 47 receives inputs from each of circuits 44 and from page hit
comparator 48. Logic 47 produces three outputs on lines 70, 72, and‘74.
Controller 12 further includes an address multiplexer (MUX) 76, a
plurality of n-to-1 MUXs 77-79, and a sequencer 80 which are respectively
connected to lines 70, 74, and 72 to receive the output signals from
logic 47. MUX 77 is connected to each of the SDRs and receives therefrom
RAS1,2 signals. MUX 78 is connected to each SDR and receives RTC1,2
signals. MUX 79 is connected to each SDR and receives therefrom CASi,2
signals. MUXs 77-79 also have a control input connected to line 74 and

the MUX control output from logic 47.

When any one of the outputs from SIMM select circuits 44 becomes
actiﬁe, logic_47 will produce output signals as follows. First, an output
will be made on 74 to gate the MUXes to pass the RAS1,2, RTC1,2, and
CAS1,2 signals from the SDR associated with the ;elected SIMM, to
sequencer 80. The sequencer contains three counters (not shown) for
receiving such signals and generating the RAS precharge, the RAS to Cas,.

" and the CAS pulse widths in accordance with the clocks specified in
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whi ch have been omtted for sinplicity of illustration and since they
operate in convention manner, such signals including the We#, M1O D/ C and
VBE#(3: 0) fromthe processor.. The CLK signal proceeds at the speed of
operation of the controller and the mcroprocessor and is the basic timng
signal for controlling the other signals. A nenory access cycle is divided
by sequencer 80 into four states or phases:sa start phase S, a RAS
precharge phase P, a RAS to CAS phase RC, and a CAS pul se phase C. ‘Such
phases are shd®filih RP,2tandeChBlagr asecdndyi an oﬁtptﬁnnhgehnissostgmmomiumge_

periods in thectisd BY ﬂ'n@g'f?gﬁd i ?L'I:'l{t%d 2 g&tﬁlehggl GBLEd U8 'aggarg 1§25, go
reference letter along wth a suffix nuner
signal to proceed with accessing memory 14 using a page miss cycle.

Third, control signals are placed on line 70 indicating on a page miss
which SIMM is selectéd enabling MUX 76 to multiplex row and column
address signals in accordance with the memory organisation bits MS1,2 of
the selected SIMM and with the type of mémory cycle. MUX 76 extracts
from the address on bus 46 the appropriate number of row address bits and
column address bits which number is determined by the information stored
in the selected SDR 40.

Controller 12 further includes a refresh register 90 which stores
four bits for controlling the refresh timing. The bits are RP1,2, for
controlling the refresh precharge width, and RPW1,2 for controlling the
refresh pulse width. Refresh requests are controlled by the DMA. The
four bits are set for the worse case requirement of the SIMMs, so as to
satisfy all the SIMMs.. This reduces the complexity of the system and
does not degrade system performance because of the relative infrequency

_of refresh.

The memory controller reéegisters SDRs 40, BARs 42, and refresh
register 90 are accessible as I/O ports and may be programmed in the
following manner. When the data processing system is setup and
configured, the information is read from the setup disk and/or entered by
a user and is stored in the non-volatile CMOS RAM 22. Subsequently, when
the system is powered on, the BIOS in ROM 18 copies the information into

the registers in memory controller 12.

Controller 12 is connected to control bus 30C to receive the
following accessing signals: ADS#, M/IO# W/R#, D/C# and CLK. Such
signals are inputted into sequencer 80. A signal MBE#(3:0) from bus 30A
is inputted into logic 100. Such signals are provided in accordance with
the conventioﬁal operation of microprocessor 10, to control the memory
accessing, in the manner described below. Controller 80 is connected to
output lines 92, 94, 96, and 98 which respectivelf are connected to logic

1100, logic 102, logic 102, and MUX 76. The butput CAS on line 92 in

conjunction with the memory byte enable ‘signals MBE#(3:0) causes logic
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i ndi cating the corresponding nunber of clock period in each phase. For -
exanpl e, RC2 represents the second clock in the RAS to CAS phase. Referring
to Fig. 5, a determination is nade during the start phase S whether the
access cycle will be a page miss or a page hit cycle, and dependent upon
such determ nation, control passes either to phase P for a page mss cycle,
or to phase RC for a page hit cycle. Durjng a page nmss cycle, a .
determnation is made in period P1 whet hE} “another P period is needed, in

accordance yy t rhods_determn y bits S1,2 for
the SI MM beiY\!,r(l)t h%c%géggg? q?ﬁgéprﬁé?&g%%e%%qssﬁé grtr% ?lgsqﬁngvc\?r_lrr%lnnf c 'ogP‘e
peri ods wi | PUtEEL LIRS Ay Lines P4 pRdsE ctirpl dhpyRASpelect signals on line

52 for each SIMM. The output signals on line 98 are timing signals which
tell MUX 76 when to transmit the RAS and CAS addresses..

Further details of the apparatus and the method of the invention
will be apparent from the following description of the operation relative
to the state and timing diagrams. With reference to Fig. 5, diagram A
shows some of the timing signals that occur during a page miss cycle, and
diagrams B shows the corresponding signals during a page hit cycle. A
page miss cycle precedes one or more page hit cycles. It is to be
understood that signals other than those shown in such diagrams occur
which have been omitted for simplicity of illustration and since they
operate in convention manner, such signals including the WE#, M/IO, D/C
and MBE#(3:0) from the processor. The CLK signal proceeds at the speed
of operation of the controller and the microprocessor and is the basic

timing signal for controlling the other signals.

A memory access cycle is divided by sequencer 80 into four states or
phases: a start phase S, a RAS precharge phase P, a RAS to CAS phase RC,
and a CAS pulse phase C. Such phases are shown in the state diagram of
Fig..6, and the corresponding periods in the timing diagrams in Fig. S
are indicated using the same reference letter along with a suffix numeral
indicating the corresponding number of clock period in each phase. For

example, RC2 represents the second clock in the RAS to'CAS phase.

Referring to Fig. 5, a determination is made during the start phase
S whether the access cycle will be a page miss or a page hit cycle, and
dependent upon.such determination, control passes either to phase P for a
page miss cycle, or to phase RC for a page hit cycle. During a page miss
cycle, a determination is made in period P1 whether another P period is
needed, in accordance with the number of clock periods determined by
bits RAS1,2 for the SIMM being accessed. That is, such bits determine
how many clock periods will occur during the P phase: Similarly, bits
RTC1,2 and bits CAS1,2 respectively define the number of clock periods in
the RC and C phases. .
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RTC1,2 and bits CAS1, 2 respectively define the nunber of clock periods in
the RC-and C phases. 11 Referring to Firg. 5, a cycle begins when the ADS
signal goes |ow during S1 and the conjunction of such |ow signal and the
subsequent rising of CLKinitiates entry into the next phase. During a
page m ss cycle, the next phase is P during which the row addresses are
gated to 11 :

Referring to Fig. 5, a cycle begins when the ADS signal goes low
during Sl and the conjunctlon of such low signal and the subsequent
rising of CLK 1n1t1ates entry 1nto the next phase. During a page miss
cycle, the next phase is P durlng which the row addresses are gated to
the SIM& along with the RAS. In the example, the P phase is four
periods. This is followed by two periods of phase RC. During the first
periéd RCI; RAS goes inactive and the column address is gated to the
SIMM. Upon completion of two éeriods, the C phase occurs for four
periods. During Cl, the falling CAS signal strobes the column address
into the SIMM. During a page hit, similar signals are used except the P
phase is skipped since the SIMM is already precharged due to a prior page

miss cycle to the same row address.

During state S1, the SDRs are not analysed. The reason for this is
that the only decision that need be made during S1 is whether a page hit
or a page miss has occurred, and that is decided by comparator 48 on the
basis of the row address._ Also during S1, the memory address is analysed
and the appropriate SIMM Seiect line is activated. Logic 47 emits MUX
Control signals on lines 74 to gate the appropriate signals from the SDR
of the selected SIMM into sequencer 80. ‘Also, the PAGE HIT or PAGE MISS

signal into sequencer 80 is driven appropriately.

During P1l, which state is entered for a page miss cycle, the RAS
precharge (RAS1,2) signals are loaded into a counter (not shown) in
sequencer 80 which generates the RAS precharge pulse width in accordance
with the number of clocks specified. During a page miss cycle, there is
always at least one clock RAS precharge time, and therefore, by
dynamically selecting the appropriate SDR in the prior stafe, and
analysing the signals therefrom in the Pl state, there is no performance

degradation.

During a page hit cycle, the same events occur during Sl as
indicated above except that by determining a page hit cycle is occurring,
the controller branches from the S1 state to the RC1l state. The values
of RC1,2 loaded into sequencer 80 during S1 are used to generate the
appropriate RAS to CAS time during RCl. Siﬁce RC1 always occurs in order

to setup column addresses correctly, there will be no performance
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the SIMM along with the RAS. In the exanple, the P phase is four periods.
This irs followed by two periods of phase RC. During the first period RCL,
+RAS goes inactive and the columm address is gated to the SIMM Upon

conpl etion of two periods, the C phase occurs for four periods. During Cl,
the falling. CAS signal strobes the colum address into the SIMM During a
page hit, simlar signals are used except the P phase is skipped since the
SIMM i s aI r eady precharged due to a priot? page m ss cycle to the sanme row
address. in i at the S are pot an reasqn for this is
that the on‘i fr%% lgngﬁr %egtsmffegﬂf“ 8rnt§dg“°§ﬁr7 %g}[‘g%g o ; etpﬁﬁce%é "Page hit

paragraph.

Fig. 7 illustrate timing diagram examples of how two different SIMMs
would be programmed to first operate in a 25Mhz system, and then in a 33
Mhz system. The illustrations are for a page miss cycle. The memory

SIMM specifications are:

SIMM1 STMM2
RAS ACCESS 30ns 80ns
RAS PRECHARGE 30ns 70ns
CAS ACCESS 1l4ns 35ns

The system specifications are:

Column address valid from RAS active 35ns
Read data setup time . 10ns
Clock period 25Mhz 40ns
Clock period 33Mhz 30ns

The diagrams are for the following examples:

Diagram  SIMM Speed P RC ¢C
7a ’ SIMM1 25Mhz 1 i 1
7o STMM2 25Mhz 2 1 2
7c SIMM1 33Mhz 2 2 1
7d SIMM2 33Mhz 3 2 2

The values under P, RC, and C represent the number of clock periods
of the respective phases necessary to meet the timing requirements for
SIMMs 1 and 2. Such values would be programmed into the associated SDRs
in accordance with the bit settings noted with reference to the
descriptions of SDRs 40. &Each of the examples is arrived at in a similar
manner, so only one need be described in detail. Using the example for
diagram 7a, SIMM1 requires a 30ns precharge-time (Pl in Fig. 4). Sincé

the clock period is 40ns, only one clock period is required for the P
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or a page mss has occurred, and that is decided by conparator 48 on the
basis of the row address. Al so during S1, the nenory address is anal ysed
d&nd the appropriate SIMM Select line is activated. Logic 47 emts MJX
Control signals on lines 74 to gate the appropriate signals fromthe SDR of
the selected-SIMMinto sequencer 80. Al so, the PACE HT or PAGE M SS si gnal
I nto sequencer 80 is driven appropriately. During P1, which state is
entered for a page m ss cycle, the-RAS precharge (RASL, 2) signals are

| oaded i'nto a counter (not shown) in sequencer 80 which generates the RAS
prechar ge pukse WritH RCisetatosr sastceeati tie rée addreserbadf Hmgclds Shrecifi ed.

During a patqgnsniitign Q‘Xﬁé %’ortgﬁq:ghllnﬁ from row to column addresses, and the

column address setup time. The C or CAS pulse width time shéuld meet the
minimum CAS pulse width time as set forth in the timing requirement of
the specific SIMM specification during a write cycle. During a read
cycle, the C time must meet the CAS access and data setup time allowing
for propagatioh delay and hold time in a device data latch. Quite
obviously, it is within the skill of the art to set the times in

accordance with the timing requirements of any given SIMM.

These examples illustrate several advantages of the invention.
First, different speed SIMMs can be used with the same microprocessor in
the same system. Each time an access is made to a different SIMM, the
memory controller uses programmed settings to operate the controller and
provide the appropriate timings. Second, if the microprocessor speed is
changed, the same SIMMs can be used by changing the programmed settings

to satisfy the changed system speed.
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al ways at |east one clock RAS precharge tinme, and therefore, by dynamcally
selecting the appropriate SDRin the prior state, and analysing the signals
therefromin the Pl _state there is no performance degradation. During a

page hit cycle, th Vi CCAeJI’ during S1 as i € except

t hat by determ ni n IS occurring, the ches
fromthe Sl state:t Mig? The val ues of RC1, m\iﬂgkw ‘W“““
sequencer 80 during generdt‘le t he appro tos CAS tine
during RCL. Since RCl always occurs in order to setup colum addresses

correctly, there will be no performanc

1. A data processing system comprising:

a dynamic read/write memory (14) including at least one memory

module (16) having a multiplicity of addressable storage locations;
a memory controller (12) for controlling operation of said memory;

a processor (10) for initiating memory access cycles to read data
from said memory and write data into said memory, said processor being
operable to selectively produce accessing signals including cycle

definition and address signals to start a memory access cycle;

and bus means {30, 32, 36) interconnecting said processor, said
memory, and said memory controller to transfer data and accessing signals

therebetween;

said memory module being operable in response to receiving module
operating signals including cycle definition, row address, column
address, row address strobe, and column address strobe signals, to read

and write data in accordance with said cycle definition signals;

said memory cbntroller {(12) being operable to transmit.said module
operating signals to said memory module in response to receiving |
accessing signals from said processor to start a memory access cycle,
characterised in that said memory controller comprises a definition
register (40) for storing pulse control signals therein controlling
timing of said module operating signals, and a sequencer {80) responsive
to said pulse control signals to transmit to said memory module each time
said memory is accessed signals the lengths of which are dynamically

controlled by said pulse control signals.
2. A data processing system in accordance with claim 1, wherein:

said memory (14) comprises a plurality of memory modules (16);
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12 degradation for reasons simlar to those set forth in the preced| ng
paragraph. Fig. 7 illustrate timng diagram exanples of how two
+»SI MV woul d be progranmed to first operate in a ZSWZ_SH,M
33 Mz system The illustrations are for a page m ss cy
specifications are:
' 15
and said memory controller (12) comprises a plurality of
programmable definition registers (40) each associated with a different
one of said memory modules and storing pulse control signals specific to
the associated one of said memory modules (16), said memory controller
including means (44) operable in response to said accessing signals to
select a module to be accessed and transmit to said sequencer (80) pulse
control signals read from the one of said definition registers associated

with the one of said memory modules so selected.
3. A data processing system in accordance with claim 2 wherein:

one of said memory modules (16) is accessible in accordance with a

first set of timing requirements:

and another one of said memory modules (16) is accessible in
accordance with a second set of timing requirements different than said

first set;

_ said definition registers (40) being progfammed to provide pulse
control signals meeting the timing requirements of both of said memory

modules.

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

.comprising:

timing means for producing clock signals each of a fixed clock

period and transmitting said clock signals to said controller;

said pulse control signals in each definition register specifying
the lengths of signals controlled thereby in terms of a number of said

clock periods.
5. A data processing system in accordance with claim 4 wherein:

said pulse control signals determine RAS precharge time, RAS to CAS

time, and CAS pulse width during memory acceés cycles.
[ )
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SI VML SI MM RAS ACCESS 30ns 80ns RAS PRECHARGE

30ns 70ns CAS ACCESS 14ns SSﬁHHe—Sst{—em“
specifications are: Colum address valid from RAS act dat a
setup tine 10ns d ock period 25Wnhz ”m!” uﬂw uﬁﬁ

Cl ock period 33Mhz 30ns The di agrans ovm ng
exanpl es: _ 16 .

6. A data processing system in accordance with claim 2 wherein:

said sequencer (80) is operable in response to said controller (12)
receiving said accessing signals from said processor to sequence through
a series of states including a start state, a RAS precharge state, a RAS
to CAS state, and a CAS state dﬁring which_said operating signals are

transmitted to one of said memory modules.
7. A data processing system in accordance with claim 6 wherein:

said controller comprises means responsive to receipt of said
accessing signals for controlling said sequencer to cycle through a page
miss cycle or a page hit cycle, said page miss cycle being a series of
all of said states, said page hit cycle being a series of all of said

states except for said RAS precharge'state.
8. A data processing system in accordance with claim 7 wherein:

) saild address signals include a row address, and said controller
comprises a comparator (48) for storing an old row address of a row
accessed in a preceding memory access, said comparator including an input
for receiving a new row address of a storage location to be accessed, and
comparing said new address to said old address and outputting in response

to such comparison a page hit control signal.
9. A data processing system in accordance with claim 8 wherein:
said page hit signal is produced during said start state and is used
to enter said RAS precharge state for a page miss cycle and to enter said
RAS to CAs state for a page hit cycle. '
10. A data processing system in accordance with claim 8 wherein:
said pulse control signals are read into sald sequencer during said

RAS precharge state when cycling through a page miss cycle and during

said RAS. to CAS state when cycling through a page hit cycle.
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D agram Sl W Speed P RC C 7a __SJ_NMJ__ZML 1
1 1 7b SI MR 25Mhz

2
“33Mhz 2 2 1 7d SIMR 33|vhz “ﬂﬂ“ﬂlﬂ“ jllll Lval ues
under P, RC, and C represent the nunmber of clock perl ctive

phases necessary to neet the timng requirenents for 'SIMMs "1 and” 2. Such
val ues woul d be programmed into the associated SDRs in accordance with the
bit settings noted with reference to the .pescr| ptions of SDRs 40. Each of
the exanples is arrived at in a simlar

11. A data processing system in accordance with claim 10 wherein:

said pulse control signals determine the lengths of said RAS

precharge state, said RAS to CAS state, and said CAS state.
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manner, so only one need be described in detail. Using the exanple for

di agram 7a, SIMML requires a 30ns precharge time (P1 in Fig. - 4). Since the
clock period is 40ns, only one clock period is required for the P 13
phase. The RC settings nust neet the row address hold time P2, the
transition tinme for switching fromrow to colum addresses, and the colum
address setup tine. The C or CAS pulse wdth tinme should neet the

18

DATA PROCESSING APPARATUS FOR DYNAMICALLY SETTING
TIMINGS IN A DYNAMIC MEMORY SYSTEM

ABSTRACT

A. data processing system includes a memory controller (12) for accessing a
dynamic memory (145 having a plurality of SIMMs (16-1) that differ in size and speed
of operation. The memory controller (12) is operai)le in response to a request 10
access a given SIMM to read a SIMM definition register and dynamically produce
memory access signals in accordance with the timing requirements of the particular
SIMM being accessed. Such signals are set each time a SIMM is accessed. The
signals provide different clock periods of RAS precharge time, RAS o CAS time, and
CAS pulse width.

FIG. 1
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2

i ni mum CAS pulse wdth tine as set forth in the timng requirenent of the
i specific SIMMspecification during a wite cycle. During a read cycle, the
L tine nust neet the CAS access and data setup tine allow ng for

propagation delay and hold tine in a device data |atch. Quite obviously, it .

is within the skill of the art to set the tinmes in accordance with the
~timng requirenents of any given SIMM These exanples illustrate several
advant ages of the invention. First, different speed SIMM can be used with
the sane m croprocessor in the sane system“gach time an access is nmade to
a different SIMM the nmenory controller uses programed settings to operate
the controller and :

~ -
[ =] \
. (lf, "
Ff\ .\\\ \\
- N \ Y
\\ E
W 3
pad S 2
3 ".‘,\ § -
- = (
(2]
g g R
—~al— N
® = _—/\N
[ 1 § N
—
£ g U’\ E
(D O e
[_'E A —
i m
I 2| L2 L }
U 2
\O
« { - : o]
~t vy <
g 7 T8 T <k
A |~ o—1 A0
<\ 'S
o O
A 2 a \
Q
& ' D S
2 L1 g <9 / -
a o o 8 @ m
\0
2 E 3 & | g
O v 3 <
5 ¥ &
éi Eo EE
= \ =0 I
_ < 2
o
\ 8 ) |
= = 3 =
— . m
)
N

This is the replacement sheet -

" Date: S’ 0 JUN %



*provide the appropriate tinmings. Second, if the microprocessor speed is
changed, the sane SIMVWs can be used by changing the programmed settings to

< satisfy the changed system speed. CLAI M5 1. A data processing system
conprising: a dynamc read/wite nmenory including a plurality of nenory
nodul es each having a plurality of addressable storage |ocations;

S o Gt G S it G G e G S B Vel Gt S Gy P Gt G B e S

218
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* a single nenory controller for controlling operation of all of said nenory

nodul es; a processor for initiating nenory access cycles to read data from
said nenory and wite data into said nenory, said processor being operable
to selectively produce accessing signals including cycle definition and
address signals to start a nenory access cycle; and bus neans

i nt erconnecting said processor, said nenory, and said nenory controller to
transfer data and accessing signals theregﬁtween; each nmenory nodul e being
accessible in response to receiving nodul 5berating signal s including

1
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col unm address strobe (CAS) signals; said nenory controller being operable
to transmt said nodul e operating signals to a nenory nodule, in response
Tto receiving accessing signals fromsaid processor, said nenory controller
conprising timng nmeans including a clock input line for receiving system
cl ock signals and operating said nmenory controller at the speed of said
system cl ocksignals; a plurality of programrable definition registers each
associated with a different one of said nmenory nodul es, each definition
regi ster being operative to store pul se coqkfgl signals specific to the
timng requirenents of the associated nenory’ nodul e, said pul se control

signals in each definition register specifying said timng requirenments as
i nt egr al
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nunbers of said clock periods, a sequencer connected to said nenory nodul es
for generating said nodul e operating signals; 15 and neans, responsive

v to said address signals, for gating said pulse control signals fromthe
definition register associated with the nennry nodul e bei ng addressed, to

sai d sequencer,

5178
FIG 3
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%

sai d sequencer being operative to set the timng of said nodul e operating
signals in accordance with the timng requirenents specified by said pul se
control signals. 2. A data processing systemin accordance with claim1l
wherein: a first nmenory nodule is accessible in accordance with a first set
of timng requirenents: a second nenory nodule is accessible in accordance
wth a second set of timng requirenents different than said first set; and
said definition registers associated with said first nmenory nodule and with
said second nenory nodul e are respectivel $/jr ogrammed to provide pul se
control signals neeting the respective mninmumtim ng reqU|renents of both
of said first and second sets
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" for said first and second menory nodul es. 3. A data processing systemin

-t -

accordance with claim1l wherein: said pulse control signals determ ne RAS
precharge time, RAS to CAS tine, and CAS pul se width during nenory access
cycles. 4. A data processing systemin accordance with claim3 wherein:
sai d sequencer is operable, in response to said controller receiving said
accessing signals fromsaid processor, to sequence through a series of
states including a start state, a RAS preqqgrge state, a RAS to CAS state,
and a CAS state, during which states said nodul e operating signals are
transmitted to the nenory nodul e bei ng addressed. 5. A data processing
systemin accordance with claim4 wherein: S

FIG. 5
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~address,

said controller conprises neans,
accessing signals,
m ss cycle or a page hit cycle,
of said states,

accordance with claimb5 wherein:

Sl Pl

and said controller conprises a

responsive to the receipt of said

for controlllng sai d sequencer to cycle through a page
sai d page miss cycle being a series of al
said page hit cycle being a series of al
except for said RAS precharge state. 6.

of said states
A data processing systemin
16 said address signals include a row

8/8

FIG. 7
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conparator for storing an old row address of a 8% 8d p" én?ﬁ‘éé’éaé q—,
 menory access, said conparator including an in d‘f &SI \Hdﬁ AW
address of a storage location to be accessed, e gpé‘é‘? ~ndQupaged =2 _
address to said old.address and outputting a p #Bnt r'oreed gnde paged -
response t-o such conparison. 7. A dat a proc SSI ng system.in acc%;]gﬁfy.&s.]
with claim®6 wherein: said page hit control si na])ATE QF RIBCBIPTUUL.L A

start st atfeBds) ctit®Her i%nfnbbéabéﬁ ¢heS BarhwBRnBE CHRREOR thE ﬁhﬁn%?éqlﬁ‘re%ﬁgﬁ 3¢ S5
cycl e and S State for a page hit cycle at a
processi ngﬂ"g?m?‘ﬁv E'cﬁt'}r d‘gﬁ@g with claim6 wherein: said pul se control
signal s are reaWhemta giwindsystem s efooth foin gddiag dnBAGHP ekl g8uch modules
generally have to run at the same speed or faster than the original modules for which the
associated memory controller has been designed. When faster modules are added, the
system still runs at the slower design speed so that the speed of the faster modules cannot
be taken advantage of: )

A typical data processing system to which the invention is applicable includes a
microprocessor chip, a memory having plural SIMMs, a memory controller, a direct
memory access (DMA) controller, an expansion bus, and I/O devices. The microprocessor
can be within a family such as the well known Intel 80386 and 80486 microprocessors,
and selected to operate at one of the available speeds, such as 25 Mhz or 33 Mhz, for the
80386. The SIMM type can be from 30 ns to 100 ns using different sizes and address
organisations. With such a selection of processors and SIMM, a system designer or a user
can orient a given system to a wide variety of needs and applications. The problem then
becomes one of designing a memory controller to operate at different speeds to control
different types of memory modules.

_ SUMMARY OF THE INVENTION ,

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a data processing
system comprising: a dynamic read/write memory including a plurality of memory
modules each having a plurality of addressable storage locations; a single memory
controller for controlling operation of all of said memory modules; a processor for
initiating memory access cycles to read data from said memory and write data into said
memory, said processor being operable to selectively produce accessing signals including
cycle definition and address signals to start-a memory access cycle; and bus means
interconnecting said processor, said memory, and said memory controller to transfer data
and accessing signals therebetween; each memory module being accessible in response to
receiving module operating 'signals including read/write, row address, column address, row
address strobe (RAS), and column address strobe (CAS) signals; said memory controller
being operable to transmit said module operating signals to a memory module, in response

- to receiving accessing signals from said processor, said memory controller comprising
timing means including a clock input line for receiving system clock signals and operating
said memory controller at the speed of said system clock signals; a plurality of
programmable definition registers each associated with a different one of said memory
modules, each definition register being operative to store pulse control signals specific to
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state when cycling through a page miss cycle and during said RAS to CAS
state when cycling through a page hit cycle. 9. A data processing system
in accordance with claima8, wherein: said pulse control signals determne
the lengths of said RAS precharge state, said RAS to CAS state, and said
CAS state. 10. A data processing systef according to claim1 further
conprising: a non-vol atile storage device for storing said pulse control

si gnal s; athd tinsiag sequisenagnts of thmassmsimdlsmmcfyaﬁddiﬂej&h?l pﬂ&pe@gtd]ggig‘;mgl BM I
bei ng po . ' rol signals from sai d .non-yo ile
st or ggg \c,ivg%/a?ge&?ﬁ%t{gﬂs%ggyeézs?ggﬁg}é% ?ﬁfiﬁﬁgﬁgrrg%qlge?%eﬁs %gn':il??gﬁ r%be;?? 85:5

sai d regi s§lesksperiods, a sequencer connected to said memory modules for generating said module |

operating signals; and means, responsive to said address signals, for gating said pulse

control signals from the definition register associated with the memory medule being
addressed, to said sequencer, said sequencer being operative to set the timing of said
module operating signals in accordance with the timing requirements specified by said
pulse control signals. - '

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Fig. 1 is a block diagram of a data processing system embodying the invention;

Fig. 2 is a block diagram of a portion of the inemory controller shown in Fig. 1;

" Fig.3isa schematic diagram of a SIMM type memory module used in the memory.
shown in Fig. 1;

Fig. 4 is a timing diagram illustrating the operation of the module shown in Fig. 3;

Fig. 5 is a timing diagram showing page hit and page miss cycles and various
possible pulse widths; :

Fig. 6 is a state diagram of a portion of the memory controller useful in
understanding how the control signals in Fig. 5 are produced; and

Fig. 7 is a timing diagram showing examples of timing requirements for different
illustrative conditions. L _

Referring now to the drawings and first to Fig. 1, the data processing system shown
therein 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

' t
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11... A data processing systen1in accordance with claim210 further
conprising: a plurality of sockets for connecting a |ike pIurallty of

menory nodul es, wherein said nmenory nodules are a m X capacity
modul es having different timng requirements and differ “““mu“\
configurations; a plurality of base addré&s registers- f
addresses of each nenory nodul e; 17
CLAIMS
L. A data processing system comprising:

a dynamic read/write memory including a plurality of memory modules each |
having a plurality of addressable storage locations; ) |

a single memory controller for controlling operation of all of said memory
modules;

a processor for initiating memory access cycles to read data from said memory and
write data into said memory, said processor being operable to selectively produce
accessing signals including cycle definition and address signals to start a mem01:y access
cycle;

and bus means interconnecting said processor, said memory, and said memory
controller to transfer data and accessing signals therebetween;

each memory module being accessible in response to receiving module operating
signals including read/write, row address, column address, row address strobe (RAS), and

column address strobe (CAS) signals;

said memory controller being operable to transmit said module operating signals to
a memory module, in response to receiving accessing signals from said processor, said
memory controller comprising

timing means inciuding a clock input line for receiving system clock signals and
operating said memory controller at the speed of said system clock.signals;'

a plurality of programmable definition registers each associated with a different
one of said memory modules, each definition register being operative to store pulse control
signals specific to the timing requirements of the associated memory module, said pulse
control signals in each definition register specifying said timing requirements as integral
numbers of said clock periods,

a sequencer connected to said memory modules for generating said module
perating signals; This is the replacement sheet

| Date: 03 woy 1997



i

and each definition register further storing inforfration—defimmng the

row col umm configuration of the associated memory rmation
bei ng -used by said sequencer to generate said ro @l‘m ‘HHH col um

address signals for accessing said aSSOCIated nmemno u

and means, responsive to said address signals, for gating said pulse control signals
frém the definition register associated with the memory module being addressed, to said
sequencer,

said sequencer being operative to set the timing of said module operating signals in
accordance with the timing requirements specified by said pulse control signals.
2. A data processing system in accordance with claim 1 wherein:

a first memory module is accessible in accordance with a first set of timing
requirements: | o .

a second memory module is accessible in accordance with a second set c;f timing
requirements different than said first set;

and said definition registers associated with said first memory module and with

* said second memory module are respectively programmed to provide pulse control signals

meeting the .respective minimum timing requirements of both of said first and second sets
for said first and second mellnm;y modules.
3. _ A data processing system in accordance with claim 1 wherein:

said pulse control signals determine RAS precharge time, RAS to CAS time; and
CAS pulse width during memory access cycles.
4. A data processing system in accordance with claim 3 wherein:

said sequencer is operable, in response to said controller receiving said accessing
signals from said processbr, to séquence through a series of states including a start state, a
RAS precharge state, a RAS to CAS state, and a CAS state, during which states said
module operating signals are trgnsmitted to the memory module being addressed.
5. A data processing system in accordance with claim 4 wherein:

said controller comprises means, responsive to the receipt of said accessing signals,
for controlling said sequencer to cycle through a page miss cycle or a page hit cycle, said
page miss cycle being a series of all of said states, said page hit cycle being a series of all
of said states except for said RAS prechargé state.

6. A data processing system in accordance with claim 5 wherein:
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said address signals include a row address, and said controller comprises a
comparator for storing an old row address of a row accessed in a preceding memory
access, said comparator including an input for receiving a new row address of a storage
location to be accessed, and comparing said new address to said old address and outputting
a page hit control signal in response to such cpmparison.

7. A data processing system in accordance with claim 6 wherein:

said page hit control signal is produced during said start state and causes entry into
said RAS precharge state for a page miss cycle and into said RAS to CAS state for a page
hit cycle. | ]

8. A data processing system in accordance with claim 6 wherein:

said pulse control signals are read into said sequencer during said RAS precharge
state when cycling through a page miss cycle and during said RAS ta CAS staté when
cycling through a page hit cycle.

9. A data processing system in accordance with claim 8, wherein: |

said pulse control signals determine the lengths of said RAS precharge state, said
RAS to CAS state, and said CAS state.

10. A data processing system according to claim 1 further comprising;
| a non-volatile storage device for storing said pulse control signals;

and means operative, in response to said data processing system being powered on,
to copy said pulse control signals from said non-volatile storage device into said pulse
definition registers and thereby program said registers.

11... A data processing system in accordance with claim 10 further comprising;

a plurality of sdckets for connecting a like plurality of memory modules, Wherein
said memory modules are a mix of different capacity modules having different timing
requirements and different row/column configurations;

a plurality of base address registers for storing base addresses of each memory
module;
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and each definition register further storing information defining the row/column
configuration of the associated memory module, said information being-used by said
sequencer to generate said row address and said column address signals for accessing said

associated memory module.
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