Memory Interface for Volatile and Non-Volatile Memory Devices Field of
the Invention The application relates in general to accessing data stored
in a memory device through an interface. Background of the Invention
Memory technology implies the need for accessing data within memory
devices, such as DRAM or other memory devices. Therefore, different
addressing strategies have already been proposed. A possible feature of
(ST néemidtisteing. Void atethrigge@ndbleswkpligingliheMemory
address in half and feeding each hgJf sty to the chip on the address
bus pins. The chip has a large arrayogmemory capacitors that are
arranged in rows and columns. To read one location in the array, the
control circuit first calculates its row number, which it places on the
DRAM's address pins. It then toggles the row address select (RAS) pin,
causing the DRAM to read fhetoit'addi&ss THfehdiR the DRAM
connects the selected row to a bank of amplifiers called sense amplifiers,
uhieh Lead the.qontents of allihe seapaciiars Jn te rauk The.soniro) gireut
then places the column number of the desired location on the same
S ing, and fbRies R CHhmA bEeress selectieas)apia; causing
the DRAM to read the column address. The DRAM uses this to select the

output of the sense 2 amplifier corresponding to the selected column.
Aﬂgla égc%groung o% é%eglnvention

Memory technology implies the need for accessing data
within memory devices, such as DRAM or other memory
devices. Therefore, different addressing strategies have

already been proposed.

A possible feature of DRAMs is address multiplexing. This
technique enables splitting the address in half and
feeding each half in turn to the chip on the address bus

pins.

The chip has a large array of memory capacitors that are
arranged in rows and columns. To read one location in the
array, -the control circuit first calculates its row
number, which it places on the DRAM's address pins. It
then toggles the row address select (RAS) pin, causing
the DRAM to read the row address. Internally, the DRAM
connects the selected row to a bank of amplifiers called
sense amplifiers, which read the contents of all the
capaciteors in the row. The control circuit then places
the column number of the desired location on the same
address pins, and toggles the column address select (CAS)
pin, causing the DRAM to read the column address. The

DRAM uses this to select the output of the sense



delay called the CAS access time, this output is presented to the outside
world on the DRAM's data I/O pin. To wite data to the DRAM, the control
logic uses the same two-step addressing method, but instead of reading
the data from the chip at the end of the operation, it provides data to the
chip at the start of the operation. After a read or write operation, the

control circuit returns the RAS and CAS pins to their original states to
readythé DRANDor its prextioperationt Tike HRAM requiresl ancertaiifter a

interval called)the precharge interval befwgen opgrations, Qoce fhe

control circuit has selected a particular row, it can select several columns
iPGctession by plaERgtifRIst Ol aBitirdsis BRlie addrdss Fing,
tagging CAS each time, while the DRAM keeps the same row activated.
This is quicker than accessing each location using the full row-column
procedure. This method is useful for retrieving microprocessor
instructions wiitla tead todeBioked dttsuccessivierdddresses irsmeniory.

Insadditiencthequpvision.of commands is,ypically: pravided shioHgRe 241 ng
command strobes on the command bus. The number of different .

com A ddpgeibis e tHe iimBer 6f Birf th the ddiRmaRE bris Mt 2/t
comrandssbeinga possibidity-with Nibeinigdhe nambes of pins atgbeation.
command bus. With the increasing demand for different commands, the
command bus needed to be expanded. However, as die size is a crucial
fﬁﬁ@ﬁﬁ1axﬁ@aﬁ0@§p@éﬁég operation, the control circuit

returns the RAS and CAS pins to their original states to
ready the DRAM for its next operation. The DRAM requires
a certain interval called the precharge interval between

operations.

Once the control circuilt has selected a particular row,
it can select several columns in succession by placing
different ceclumn addresses on the address pins, toggling
CAS each time, while the DRAM keeps the same row
activated. This is quicker than accessing each location
using the full row-column procedure. This method is
useful for retrieving microprocessor instructions, which

tend to be stored at successive addresses in memory.

In addition, the provision of commands is typically
provided through command strobes on the command bus. The
number of different commands depends on the number of
pins on the command bus with 2" commands being a
possibility with N being the number of pins at the
command bus. With the increasing demand for different
commands, the command bus needed to be expanded. However,

as die size 1s a crucial factor in application specific



integrated circuit (ASIC) design, the number of pins on the command bus
needs to be decreased. Further, the size of the buses is also relevant for
the overall size of the connection intetface between the memory device
and the central processing unit (CPU). The higher data rates that were
required, the higher the number of connection pins on the data bus were
.Selected. This increased ;Qg%;e of the interface. in addition, the number
“OF pirs on The address bus and the Gverall ‘nurber BT itis of theAnteTrace
determinedthe type of atbmory todbedgsettes.ahe interface, besides
protocol issues. However, the demand for flexibility of usage of different
kinds of memory devices was not accounted for. "There is a need for a
FEXISIE TnteFfage, SWikigh @habled BhesGse 6 différsht kindeioierory the
«devices] with different kindsof.capabilities in-termns ©f data: tkrorghput on
R S8R bus, With 1 rising need for flexble use of standard . -
compoanents, there is a need Tor io“rovidir% a meSmorf/* interface ‘e’ngﬁlihg“"t‘Be
hisebathdrolatile aterfoiyand ner volatitemenatbry theoneisarme intbeace.
rewever, asnon, yolatile;memary and.volatile memory have different .

rerequisites for the interfaces, there needs to be a possibility to adapt
e Interfate 36 ise tith Hoftt tpes 6fmethdry TBiferSumnfarfioF e/
tingention:raccorgadnce with aHfirstaspest of thespresent: investiensthere
Rfiaddes aonelhogdor agcessing gata. sipred NAMAMANIRYER o
through an interface
memory To be used on the interface, besides protocol

!

“issues. However, the demand for flexibility of usage of

(X

ifferent kinds of memory devices was not accounted for.
- There is a need for a flexible interface, which enables
the use of different kinds of memory devices with
different kinds of capabilities in terms of data

throughput on the data bus.

With the rising need for flexible use of standard
components, there is a need for providing a memory
interface enabling to use both volatile memory and non-
volatile memory on one same interface. However, as non-
volatile memory and volatile memory have different
prereguisites for the interfaces, there needs to be =z
possiblliity to adapt the interface for use with both

tvpes of memory.

Brief Summary cf the Invention

In accordance with a first aspect of the present
invention, there is provided a method for accessing data
stored in a memory device Tthrough an interface

comprising:



comprising: 3a - addressing data on the memory device, and controlling
at least data flow to and from the memory device through a common
interface, and - transferring data to and from the memory device through
at least one data bus, - wherein commands on the common interface are
adjusted depending on the type of memory device connected to the

commap teiface, sustibat  atisast a atency js adiysted depending on
the type of memory device ¢onnécted to the’common intefface using

commanrds ba-the eamnton imerfack 1A atiordahee with £secoridhe
as,-.egtnihe prasent dnventiong there ds provided.an intgrface for 4

interfacing between an integrated circuit and a%ne of a plurality of
différent t/pes ot mérRoRFdévices, Faftl intéfface for "Hitréssing Bake and
for contrallingyat keast dataiflow. 4o @mdraim @, memory device of a type

s.ele_c:t%gji é@@lﬁaﬁg o%@ﬁ?ﬁt %&esﬂgf@memorg He}{iﬁ%% %hereircji: ;ge

interface Is configured to adjust Iatencg/:%rﬁla commands agﬁenoﬁng on
the typé ofihiefibry tevice idohnetted 1 themrtefacaesaety thist at feast a

latency ds,adjusted depending-enthe: type of memory device-gonnected to
the common interface using commands on the common interface. In

accordance With tird - Spact of the preseitnventis: "hehd isprovidedaPe
mobile>éomemunigatidnvdevicecwith @c centrakprocessingunit ahtdee r face

memagy deyice gamprising.an Jnterfage as disclosed herein.

In accordance with a second aspect of the present
invention, there 1s provided an interface for interfacing
between an integrated circuit and any one of a plurality
of different types of memory devices, sald interface for
addressing data, and for controlling at least data flow
to and from a memory device of & fype selected from said
different types of memory devices, wherein: the interface
is configured to adjust latency and commands depending on
the type of memory device connected to the interface,
such that at least a latency is adjusted depending on the
type of memory device connected to the common interface

using commands on the common interface.

In accordance with third aspect of the present inventiocn,
there is provided a mcobile communication device with a
central processing unit and a memory device comprising an

interface as disclosed herein.

In accordance with a fourth aspect of the present
invention, there is provided an integrated circuit

comprising an interface as disclosed herein.



In accordance with a fourth aspect of the present invention, there is
provided an integrated circuit comprising an interface as disclosed herein.
3b in accordance with a fifth aspect ofithe present invention, there is
provided a computer-system comprising a central processing unit and a
memory device, where the central processing unit is in connection with
the memery. deyice vig an interface ag disglosed hierein, In acgordance
with a sixth aspect of the present invention, there is prgw&e(?a computer
IProgFEm product wWith Ascompuiedprbgramostretithe FSoF; the programs ing
£0mprisiag instructions gperating at least oneRrecessor todrangier.data,, .
between a memory device and an integrated circuit such that latency is
“djisted, &id CommBRds on the inteftale ARFAdjLSTed dépentdiify BR'tRe Y
dype of memoryrdevige:cdnnectedtaithednterfaceistich i that at least a
latency is adjusted depending on the type of memory device connected to
the common interface using commands on the common interface.
According e exanplé enibodliniéhtsa thepe is provided @ mettod for
sapeessing:data stored in agnemonesdevice dhrouabyan interface, éy\g%uct
addressing data on the memory 4 device through at least one address
"bus, cgnﬁ%mﬁdtﬁJ:Ieggtod;aligrﬂoﬁ/ﬁ%%% fromtR8 mermbfy déviée Bitough
catmieastong command -busrandoransferring data teand from theocessor
<pemony fhroyal 2t least ope data, bs-herelr. comumands op the
.command bus are adjusted depending on the
integrated circuit such that latency is adjusted, and

commands on the interface are adjusted depending on the
type of memory device connected to the interface such
that at least a latency is adjusted depending on the type
of memory device connected to the common interface using

commands on the common interfacs.

According to example embodiments, there is provided a
method for accessing data stored in a memory device

through an interface, with addressing data on the memory



type of memory connected to the interface. According to another example
embodiment, there is provided an interface for interfacing between an
integrated circuit and a memory device comprising address bus pins for
addressing data, control bus pins for controlling at least data flow to and
from the memory device, data bus pins for transferring data to and from

he memaory device, and.the interface is arranged to_adjust commands on
Cttiﬁae %:Sr%r%é%\xé) gl&%d%ﬁe%&ﬁa%n%g tf&g of Sr%erﬁ&r@’de%?cne%é@n@eﬁéjd o
the fmedace Oneothey emtsbdiment ohtherinventionds aicomputerugh at

system cemprising=s gerfral Processingunit and amemory. device, where
the central processing unit is in connection with the'memory device via

Sieh A Rtefface K fiHHEr enfodimBREofhE InvaHtion'i& & Cotputer
programi praduct withceoeomapdtes program steredstherears cthe-pregram the
. rgpgﬂ@% rgctions operating at least one processor to transfer data
l‘bizgv%/oeen a mer%]o¥y 88&%3 Ca%? ar{? ?nt(Liiigr;}reate%(]‘j1 E%guﬁfa stich that the
commands on the command bus are adjustable depending on the type of

Hnemen deviee cannected te thednterfage. Afurtber embodimentof the
invention is a mobile communication device with a central processing unit

ind"a Hhemory dBvice tonfprisily antirtérface fof irteit4&RE Bétween the
ICRU @ndthe memony devicel campeisingaditessh busmpinsdong address

Addressing date op e memary device. colpLhuS RIS, (3r gonigling at
least data flow to and from the memory device, data bus pins for
controlling at least data flow to and from the memcry
device, data bus pins for transferring data to and from
the memory device, and the interface is arranged to
adju$t commands on the command bus depending on the type

of memory device connected to the interface.

Cne other embodiment of the invention 1s a computer-
system comprising a central processing unit and a memory
device, where the central processing unit is in

connection with the memory device via such an interface.

A further embodiment of the invention is a computer
program product with a computer program stored thereon,
the program comprising instructions operating at least
one processor to transfer data between a memory device
and an integrated circuit such that the commands on the
command bus are adjustable depending on the type of

memory device connected to the interface.

A further embodiment of the invention is a mobile
communication device with a central processing unit and a
memory device comprising an interface for interfacing

between the CPU and the memory device comprising address



transferring data to and from the memory device, and the interface is
arranged to adjust commands on the command bus depending on the
type of memory device connected to the interface. Brief Description of the
Drawings In the drawings show: Fig. 1 a simplified block diagram of a
central processing unit coupled to memory unit through a bus, where the
bus includes a plurality of command signal lines, address signal lines
cloeR $ignal lifes andcorntmol Binde five sy Fid: 12ea tabie withddiffereat

cemmand tohe; trgasferred, on the eommand sub-hus, gccguding 1o, gpe .
embodiment; Fig. 3 a flowchart of a latency Setting method according to

efibodimEntst Biy. AT ASWcAET bFE wiité botBEforPdétiing fiethod
accendingetorembodiatents;drignbl atiming whartefanmemens addressimgs he

Fig, 6.8 sqnsumer electronic device using the method, and memory
devicg according t§ gr%%%%?n@?e%té; g g’%{:\ﬁeg E)Hénsl%ﬁgt?onogft EeDr%{\?v{}ﬁ“gasnd

BYFay 6PRBGE0etion theenibueimestswiis invemtioneredoueeacted to
nuRber 0f 4& pins.needed for connecting an integrated circuit, such as a
memory integrated circuit, such as a dynamic RAM (DRAM), to other
circuitry, such as baseband circuitry in a portable wireless

communications f@&rmirfal Dkasadditioni by wey aftthe flexibieprovision

In the drawings show:

Fig. 1 a simplified block diagram of a central
processing unit coupled to memory unit through a
bus, where the bus includes a plurality of
command signal lines, address signal lines clock

signal lines and control signal lines.
Fig. 2 a table with different command to be transferred
on the command sub-bus, according to one

embodiment;

Fig. 3 a flowchart of a latency setting method

according to embodiments;

Fig. 4 a flowchart of a write protection setting method

according to embodiments;
Fig. 5 a timing chart of an memory addressing;

Fig. 6 a consumer electronic device using the method

and memory device according to embodiments;



of data flow rates on the data bus, bus width and timing, different types of
memory devices can be supported by a common interface according to
embodiments. For example, different volatile memory devices, such a

Static Random Access Memory (SRAM) and dynamic random access
memory (DRAM) can be used on a same interface as well. as various
non-volatile memory, for example NOR and NAND flash memory, or
Non-Volatile Rafgdra Aceesbddemopyt(NVRANM).t Rlashmaermoegys can be

used as eXecution In Place (XIP) modules, which can also be run on the
common interface. Extending the use of current memory interfaces to

Non- VBlatiRmeridiREUR LY Y8quite'd nfethes dimrbllerdedifn swhigHent ion
takesiibe varyinginitialaccess fmes (fiest dateneyyrbeiweeadiffergnt n
t%chtnglolgcj%s int%a%%ouqft. F(S)r (:eg(améaleadiffgrrnent No.nr; olatiletm motries .
and even i(t:'fcelrenlt volatie meumoryaiechné?ogyo%ylhaveé%ﬁﬁer%nt ?&‘t]éﬁ&} f
tifesh Irradditionynthe bursfod@Ratdney tan aifferfordiffereritiyemsnch as

technologies, which, alsohas, tg be accquited foran the.comman, i carions

interface. Further, write protection may be necessary for some types of
M&RBR, Whereds Bfét tyfdy of oy, Mby ot rdquirel Wfe Provision
pedtedtian: Theotlecision of shiehhtypeaaf memery iswsed may depend: 0fing,

t tegory of the device. In the low category 7 devices, the Non-vglatile
N A P Ry R e el af
apphigationicould IsecasedCrisiéan beaheshniadvanted DRANKRamMple,

inteEaee as ciswsedifor DRAMImemanywith adequats performance dhis om
Access Memory (SRAM) and dynamic random access memory
(DRAM) can be used on a same interface as well as various
non-volatile memory, for example NOR and NAND flash
memory, or Non-Volatile Random Access Memory (NVRAM).
Flash memory can be used as eXecution In Place (XIP)

modules, which can also be run on the common interface.

Extending the use cof current memory interfaces to Non-
volatile memories may require a memory controller design
which takes the varying initial access times (first
latency) between different technologies into account. For
example different Non-volatile memories and even
different volatile memory technology may have different
latency times. In addition, the burst mode latency can
differ for different memory technologies, which alsoc has
to be accounted for on the common interface. Further,
write protection may be necessary for some types of
memory, whereas other types of memory may not require

write protection.

The decision of which type of memory is used may depend

on the category of the device. In the low category



removing the need for one tailored interface for different types of memory
entirely. In the case of a device that has7no need for DRAM memory but

just for non- volatile memory, the inventive interface gives a better

performance for the system than any of the existing interfaces for

non-volatile types of memory. The interface according to embodiments

gives the possibility to append interleaving and pipelining to the system
indflependently-ofthdusedaype bl memeory - if aseded, ippatticulartin high

and anighspledaly deviees dhe ielagy conld soply Depled 19, coura
cover Static Random Access Memory (SRAM) and dynamic random

abEe Mmooy tORBM, RarisliensANeIatif meRTly, DRdiexbniple ROR as
and NAND flash mmrm@ﬁw-wgaﬁil%mg%%@%%@mm%ﬁ , thus
(NVRAM), and.Mass M ry types, thus, making. system design easier

a%% ggrsl)g egnkéﬁ/el’.1 Cgr;}rqﬁ%o&{rﬁeen@ ot t(ﬁffseiﬁ{:/%ﬁt o%r:jpf%?/%e &hovel
tebhintguesfor proiding contreramd addiessingydatd onttheonamen of a

i@@{f@@%t%m&msg@mgeﬂg@@y@d&%@wCﬁ@mhg%%ﬂpeu%o{“@&@dnon—
bus depending on the type of memory connected to the interface.
Ajdting e RBMhANnd E&fR cOmpTaE stfecting thd BpR G fRingrybetter
supporiechby dhe interfaceusingweahip iseleck signst. Furtherxa firstng

I justed depending-on the type of memory connected to
t%??n%r%c%ég §s?%urcorr1nor§11ar€ s[,j 593% e ggr%/r%a%jé Bus The first 1tency
chihlser Sertfuringc esnfiguration eftbredaterfate foriatsessing the Fwemoyi ty

to append interleaving and pipelining to the system

independently of the used type of memory.

If needed, in particular in high and mid-category
devices, the interface could simply be multipliied to
cover Static Random Access Memory (SRAM) and dynamic
random access memory {DRAM), various non-volatile Mencry,
for example NOR and NAND flash memory, or Non-Volatile
Random Access Memory (NVRAM), and Mass Memory types, thus

making system design easier and less expensive.

The embodiments of this invention provide a novel
technique for providing control and addressing data on a
common interface to the memory device by adjusting
commands on the command bus depending on the type of

memory connhected to the interface.

Adjusting the command can comprise selecting the type of
memory supported by the interface using a chip select

signal.

Further, a first latency can be adjusted depending on the

type of memory connected to the interface using commands



In addition, the first latency can be adjusted by changing latency register
setting within the memory. Moreover, o%tionally a burst mode latency can
be adjusted depending on the type of memory connected to the interface
using commands on the command bus. To enable the use of different

types of memory, write protecting at least parts of the memory using write
protection commands on the command bus may be supported. The write
protectirg camoemgrise ssinfiwriteipretection <compmandsioa the addressng

s, GedanAdiigss areas ol snonvelatle memory.can beprotected, o,y
using commands reserved for volatile memory on the comnrand bus.
Differential clock timing, differential strobe timing, variable clock

freguaney. endreliabilty mwith;eptional -RLL ean beroviged laaddition,
th%values forlsetting the flexible interface configyration can be, for
exampre."Soretd- e nhERbR Géviess by Providiig H'spesal grster

storing differential timing data. FIG. 1 is a simplified block diagram of a

MErmar it 10, coupled tp. A ceptral progessing ae%&%@uz_%% tp@ugggausted

interface 14. In addition to conventional bidirectional data signal lines,
BRI GRal TR es Pand E8%rS L slRBRINE sSTRHEIF &8 adeh@/viite signal

line); ¢he Hpteriace includas.acammand sub-busddAsand,a clock signal
line 14B. For the case where the memory unit 10 is located in an IC

separate from the CPU 12, each of the interface 14 signal lines needs to
becconmdeted tolthe @ eneronidiiie e via &nviE: pincdi teemimal; Insattigre

protecting at least parts of the memory using write
protection commands on the command bus may be supported.
The write protecting can comprise using write protection
commands on the address bus. Certain address areas of
non-volatile memory can be protected using commands

reserved for volatile memory on the command bus.

Differential clock timing, differential strobe timing,
variable clock frequency, and reliability with optional
DLL can be provided. In addition, the values for setting
the flexible interface configuration can be, for example,
stored in the memory devices by providing a special

register storing differential timing data.

FIG. 1 is a simplified block diagram of a memory unit 10
coupled to a central processing unit (CPU} 12 through a
interface 14. In addition to conventional bidirectional
data signal lines, address signal lines, and control
signal lines {such as a read/write signal line), the
interface includes z command sub-bus 142 and a clock
signal line 14B. For the case where the memory unit 10 is
located in an IC separate from the CPU 12, each of the

interface 14 signal lines needs to be connected to the



embodiments, the memory unit 10 and the CPU 12 may be integrated on,
or otherwise combined within, the same icC package. However, in this
case the interface 14 still interfaces to the memory unit 10. Control
functions for interfaced memory devices can be carried out by either the
logic on the integrated circuit or an additional CPU. Note that some signal
lines could be placed in an optional control bus. The buses can be the
controlraddress ahd data (iaclutiés pdatacstrobesiiuses. showninhkl6. 1.

Clagksignals) are (ot tnga?'bg&rqﬁ%d {%,as g pusy In %E%?Jti%@a'm%be

memories, there is a single clock signal, but in more advanced meniories,

a diff&ehtardodis LRBJOWRTEHY FHSGUIFEEtREISGhal HRBSIThe terfades 1C
14 berwgen theCPLEand ihe memorydevicenean he configured py-the |

address bus for addressing data, by the control bus for controlling at least
dg'?lart orv%g “ahd from ﬁelgf/rﬁgﬁ#c rga{lnlde'orr%o‘ QCcecs%r}ﬁgl%%r By theYata foF

biB fertansterringdata tolamd fom thedyrramie randomoaccess either
mamaory, gnd by the clock 148, forpraviding clocking Séqpaé%@itpfo%ayl CPU.

dynamic random access memory. The control bus can be extended
command sub-bus 14A. The command sub-bus 14A can be used to
alpist lateacy tming andfos 1o provde wite gratectipnamedes. T he
interface 14 ¢ e arranged to vary the data flow rate on the data bus for
tra%s?er%ng d(g?arltt)%rgn{d rom’ the dynamic random access memory 10.
The interface can receive on the control bus instructions to vary the data

floverate sueh that the number of databits,transferted 5 gara {includes
data strobes) buses shown in FIG. 1. Clock signal(s) are
not typically referred to as a bus. In traditional
memories, there is a single clock signal, but in more
advanced memories, a differential clock is used, which

requires two signal lines.

The interface 14 between the CPU and the memory device
can be configured by the address bus for addressing data,
by the control bus for controlling at least data flow to
and from the dynamic random access memory, by the data
bus for transferring data to and from the dynamic random
access memory, and by the clock 14B for providing
clocking signals teo the dynamic random access memory. The
control bus can be extended by command sub-bus 14A. The
command sub-bus 14A can be used to adjust latency timing

and/or to provide write protection modes.

The interface 14 can be arranged to vary the data flow
rate on the data bus for transferring data to and from
the dynamic random access memory 10. The interface can
receive on the control bus instructions to vary the data

flow rate such that the number of data bits transferred



10 on the data bus within one clock cycle is adjustable through at least
one command on the control bus. The;faéa flow rate can be stored in a
special register of the DRAM 10. The data bus width on the data bus can
be changed to, for example, x2, x4, x8, x16, etc. These values can be
provided on the control bus. The values can be stored in a special
register. The described interface 14 allows connecting different types of
mematycl QltocthelCRUwwheientheneapabilities of dhe niemaryicaithe 1 e

acsauied forhioual selfing g.datey oW ratc. NEABUS AN E dara
latency, the burst mode, and/or write protection, accor mglLy. ow en
systethsteditbe dpekited Wha8wipin ToBRESHRIbWLGRASIERE, Wieleag DRAM
higih.end systems can be operated with a higher data rate, which can be
supported by higher quality memory 10. The data cycles per clock and

the burst length can be set through mode register set (MRS) cycles, for
eXampiE Ttheb waluesdan beisdtisepandtel\, OneddR Soey cleneanbd used for

to.configure the burst length apd one MRS eygle can he, used.tg configure

the dafa cycles per clock. The clock frequency on clock 14B can also vary.

HoF “&éifiple OVallibs beriderP MR Sand 266 VA2 U&d E9én RRyhekorpst in

pessiple: With a«digitat dacked loop (dll) option in the memory 10
activated, the clock and strobes can be kept synchronized. The DLL can

be stabilized with additional clocks when the clock frequency changes
The described interface 14 allows connecting different

types of memory 10 to the CPU, where the capabilities of
the memory can be accounted for through setting the data
flow rate, the data bus width, the latency, the burst
mode, and/or write protection, accordingly. Low end
systems can be operated with low pin count and low data
rate, whereas high end systems can be operated with a
higher data rate, which can be supported by higher
quality memory 10.

The data cycles per clock and the burst length can be set
through mode register set (MRS) cycles, for example. The
values can be set separately. One MRS cycle can be used
to configure the burst length and one MRS cycle can be

used to configure the data cycles per clock.

The clock frequency on clock 14B can alsc vary. For
example, values between 1MHz and 266MHz, and even higher,
are possible. With a digital locked loop (dll) option in
the memory 10 activated, the clock and strobes can be
kept synchronized. The DLL can be stabilized with
additional clocks when the clock fregquency changes

dynamically.



dynamically. 11 For a case where memory unit 10 and CPU 12 form a

part of a communications terminal, such as a cellular telephone, there

may also be a wireless section, such as a radio frequency (RF)

transceiver 16 having an RF transmitter 16A and an RF receiver 16B for
coupling to at least one antenna 16C. In this case, the memory 10 and

the CPU 12 may be considered to form a part of a baseband (BB)
séction21 8 e thewbsmmunigations teririndlp as oppased to? andRsactionrt of

20 Nojgbat inthisambedimantdhe GRILI2,may be. of IAybe Coupled. ..
to, a digital signal processor (DSP) or equivalent high speed procéssing

IOYRE TR JBAGra LR RiFiolis Ehilsddimentsral@dvics Whieréif thercidiit
cmsteuicied androperatedris aseardance With thig,invention €33 P8t ter

i ded in, but are not limited_ta, cellular telephanes, personal digital
za?é{‘:élijé}ta%?s&J (E’Ibgslfhﬁ%ﬁ]%l&enrot éazgin%()v%/irglgé‘léj 6%%%?0&??6&‘33?4& one
capalsilifiés, poftablecompaters havingtor nothavipg 1Wireleds the CPU 12

cRmmuRication capabiliiies, image captyre-deyices sych as digital
cameras having or not having wireless communication capabilities,

gaRfig BBvites haviRg of ABIHAVRG Wheless CoRhlAitatic capasimfss, to
nausi® Stasage aod ptayback appliaacesihaving er Bat-bavingwireless cpu 12

icati abilities, Internet  appliances permitting wireless or
e e L TR Ge tommmige=os
ahldS Béviess #atifedrpbiaté Esmbitationsof suels functiohs.g Note in the

embodiment of FIG. 1 that the command

In general, the various embodiments of a device wherein
the circuit constructed and operated in accordance with
this invention can be included in, but are not limited
to, cellular telephcones, personal digital assistants
{PDAs} having or not having wireless communication
capabilities, portable computers having or not having
wireless communication capabilities, image capture
devices such as digital cameras having cr not having
wireless communication capabilities, gaming devices
having or not having wireless communication capabilities,
music storage and playback appliances having or not
having wireless communication capabilities, Internet
appliances permitting wireless or wired Internet access
and browsing, as well as portable units, terminals and

devices that incorporate combinations of such functions.

Note in the embodiment of FIG. 1 that the command
sub-bus 14A includes two signal lines, labelled CMDO and
CMD1l. There can also be more than two signal lines on
command sub-bus 14A. The circuit can operate with n
consecutive edge transitions of the clock signal on the

sub- command bus, where n >= 2.



sub-bus 14A includes two signal lines, labelled CMDO and CMDL1. There
can also be more than two signal lines (rj‘b command sub-bus 14A. The
circuit can operate with n consecutive edge transitions of the clock signal
on the sub- command bus, where n >= 2. 12 The state of each command
sub-bus 14B signal line can be sampled twice per clock pulse, once on
the rising edge and once on the falling edge. This yields two signal line
states per clock pulse, and an ability to encode up to 16 individual

conpandsiising g camaand sianalines. 14 the, convpand syBbuS .., 1
14A. Note that the clock edge sampling could be arrang%la so that the
faRiEPddGE Was RedFFsIC i sampleleMDOaRE CMDLhfollswadby thege

nexidisingedge. meithercaseqwotanseeutive gloek adges.areysath 10 11 ne
sarpgl(e the state %rolg}éel off;t least oge other sjgnal line to determine the

informatior that is éncoded by the *l&VefS) Sfitie at least ofid 6T Sighate 1o
linerdfihel deheeincedroomsands tag bewas iflostrated ik EiGa2. Fones in the

exampie.an MRS cyclecan be,entered, with GMDO; high Q%i\'/c?eansda%%]sxg
high ("1") on the rising edge of the clock signal 14B, and CMDO low ("0") -
ah@' EMDE G0N FY DRINE Falfing edgecorifd LibeR shytet 14BsTHiged first
sequencepQfe famomnmandsignal ling statesi(1300+ 88 IMEIG. ising
interpreted by control logic 10A in the memory unit 10 as .a regei t of the d
I\/?ooigeRegEtee?lg:gle(ﬁ/l “Command TheE VSommant alows eritérng'se
in-& nsedieyistee settedmmand Lmode, wherettheesettingofor butrstdengthgnal
data,eyoles Rek Clackn dataus; Wiathfirst I3ency s Urst 1aleNtYied by the

level (s) of the at least one other signal line.

The advanced commands can be as illustrated in FIG. 2.
For example an MRS cycle can be entered with CMDO high
(”1”) and CMD1 high {(”1”) on the rising edge of the clock
signal 14B, and CMDO low (”07) and CMD1 low (”0”) on the
falling edge of the clock signal 14B. This sequence of
four command signal line states (1100, as in FIG. 3) is
interpreted by control logic 10A in the memory unit 10 as
a'receipt of the Mode Register Set {(MRS) command. The MRS
command allows entering in a mode register set command
mode, where the setting for burst length, data cycles per
clock, data bus width, first latency, burst latency,

write protection, etc. can be configured.

FIG. 2 illustrates an exenplary set of commands used for
SRAM, DRAM, NAND and NOR flash memory, and/or NVRAM at
the same time. DRAM does not require the whole set of
commands. The interface 14 can utilize the commands,
which are not occupied by a sole DRAM or SRAM use of the
interface. The same set of commands used for DRAM or SRAM

can be applied to use also Non-Volatile memories on the



write protection, etc. can be configured. FIG. 2 illustrates an exemplary set
of commands used for SRAM, DRAM, N§\ND and NOR flash memory,
and/or NVRAM at the same time. DRAI\]/I does not require the whole set

of commands. The interface 14 can utilize the commands, which are not
occupied by a sole DRAM or SRAM use of the interface. The same set of
commands used for DRAM or SRAM can be applied to use also
Nonioldtleanérhorigs ondherd3l interface: 14, rkpriaxample,schanging ibe

fi e ti e .taking_into use two RF mmands
dg%r]%g%d f%o%thRllgAéeMag):ill SQR%']%&E%/%%S&%% commands %C{Jg(rép be fherds
nBRLbNEe Eormntifl akdIR&HonsplatTé esmniarm eoRoredemplen be

nenwolatite-cemarandt cashe-seat froghthe: ASIG 40 the, memary devigs=nq
via interface 14 on sub-command bus 14A with CMDO high ("1") and

CMDL1 high ("1") on the rising edge of the clock signal 14B, and CMDO
low ("0") and CMD1 low ("1") on the falling edge of the clock signal 14B.

Theeeapliomel thissequence ol fyy gemmand.signal. e, sfates (11G1),
IS interpreted by control logic 10A in the memory unit 10 as a receipt of a

nonafoldtfte [d¥mmaRar Wi dertmana "1 10ens 76ceivdd e mekmoppmmand
devise Imay venter aiRS:made. Fhesigaalg onthe address bus-ganbe + he
interpreted as com ds. Specific address signals on the address bus
crg%slpeE if?%%ﬁai%@i%r%aﬁgg,%g.Sr:%grl?-avf(‘)lojmg erd8 e ANy ¥hd “07)
amm%§¥@@nQQyugédﬁ) onr the falling edge of the clock

signal 14B.

The reception of this sequence of four command signal
line states (1101} is interpreted by control logic 10A in
the memory unit 10 as a receipt of a non-volatile

command.

When command “1101” is received the memory device may
enter a MRS mode. The signals on the address bus can be
interpreted as commands. Specific address signals on the
address bus can identify certain commands, e.g. non-
volatile erase command. The address signal is used %o
separate different non-volatile specific commands from

each other.

Some commands might also be the same as for DRAM and
NVRAM e.g. read command {(0100}.

When using non-volatile memory devices, a command (1110)
could also be used with a varying address that can
separate the different commands from one another e.g. ID
read, erase etc. Both commands “1110” and “1101” may be

used or only one of them,



separate different non-volatile specific commands from each other. Some
commands might also be the same as f% DRAM and NVRAM e.g. read
command (0100). When using non-volatile memory devices, a command
(1110) could also be used with a varying address that can separate the
different commands from one another e.g. ID read, erase etc. Both
commands "1110" and "1101" may be used or only one of them. 14
Other examples for implementation could be using commands that are

n i in a non-yolati e uch utarefresh
e B e L et e lanats
by RRIhgFdrily 711 10t BRgW1 301w #ish thesa aufdteffesi? ahd préchirget

ceemRangds cauld be dsedradditionally begause nen-velatile, Mmeaorydegs |
not need the autorefresh or precharge commands. When using

autorefresh and precharge as commands for non-volatile memory

déficas thereiwmodeedto definéaew:bemnmeands 1 Ehisenakesis éasiepnly

to impementin-exisiing devices. lliustrated jp FlG e 3ds A ’H%@OEJ%E:harge

setting the latency timing. Because the Non-volatile memory most likely

haS N dtfete MRInG oP EAS Rfe R Edmpardd o VBRER $Remery, Bolatile
separate Nopevolatile mede register setcaiid beimplemanied ararthis
purpose, a co and&l(r)l(.;? could begggtsgomt e CPéJh12 to the

S . Il. dulreore an re arge as
memory aevice ?8 via |n:tLer ace fl?, n P E
commands for non-volatile memcory devices, there is no

need to define new commands. This makes it easier to

implement in existing devices.

Illustrated in FIG. 3 is a method for setting the latency

timing.

Because the Non-volatile memory most likely has a
different kind of CAS latency compared to volatile
memory, a separate Non-volatile mode register set could

e implemented.

For this purpose, a command (1100) could be sent from the
CPU 12 to the memory device 10 via interface 14, in

particular via sub-command bus 14A (300).

The reception of this command (1100) may be interpreted

by the memory device to enter an MRS mode (302). In the

MRS mode varying bit patterns in the address and/or data
bus lines can be used to set the latency setting (304).

This method would enable a significantly increased

setting flexibility for the CAS latency.



particular via sub-command bus 14A (300). The reception of this

command (1100) may be interpreted by the memory device to enter an

MRS mode (302). In the MRS mode va\ﬁn%ng bit patterns in the address

and/or data bus lines can be used to set the latency setting (304). This

method would enable a significantly increased setting flexibility for the

CAS latency. 15 Current DRAM usually has CAS latency 2 or 3 cycles,

whicthr settingasidone lyithe mede tegist%@@tr@ﬁwl@aeg- t';ﬂ%%%@g which
ries probahly need bigger values e.g. 10 cycles. Setting 10 cycles

ir;%%%ai\%ﬂgﬁlg ir% %ﬂ?r;bﬁ rr?(g&e Ifﬂeog(l;;!s e%ggﬁ& tHetéroré b red3abidonalen~

niste? Fédistek sapecmmandoiight bermeeded iHgweverDRAM may. sild

usedisaprmsbmegeegisterand-aon-volatile memarydevices may haye
their own made register with'a bigger CAS latency setting. This MRS
ﬂ‘ood%eméﬁ%%setr%’eoa{é%&%ﬁé?é%‘é%tién BE YN MRS dSRmanaqde00)
anddhe tateneyesettingroartheradgses andlos data b%d@?&?ﬂ%@%@_%
latengy timing, CPU 12 equest from the memory device 10 via
i%g%g%e ?ﬁs&%erﬁ%&%frg%é%ﬁeegbﬁff maa@%hgﬁ éem St and
ISP YmEmBhy s a Baifable walid However, thislearr dapperalsoiinh a

tb@@@ﬁh@l}q@P@a&%Mr%@y&q@gured during the manufacturing

process of the system to a proper set up for latency timing and may set
the memory devices via MRS mode to the proper mode. If non-volatile
téthiroldfbsucitias NVRAM isused onIbe€) after reception of an

MRS command (1100) and the latency setting on the address

and/or data bus.

In order to set the latency timing, the CPU 12 may
request from the memory device 10 via interface 14 its
latency set range. The CPU 12 may then set itself and
also the memory to a suitable value. However, this can
happen also in the way that CPU 12 is already configured
during the manufacturing process of the system to a
proper set up for latency timing and may set the memory

devices via MRS mode to the proper mode.

If non-volatile technology such as NVRAM is used on the
same interface as volatile memory, some write protection
is necessary. An interface providing write protection can

be used with DRAM, SRAM, NVRAM, NOR Flash etc.

An interface with write protect is mainly needed in case
of non-volatile memories including important data, like
an operating system. However some times it is important
to protect data on a volatile memory and therefore a
memory interface with write protection improves the

functionality of a system even in case of volatile memory



same interface as volatile memory, some write protection is necessary.

An interface providing write protection ca be used with DRAM, SPAM,
NVRAM, NOR Flash etc. An interface with write protect is mainly needed

in case of non-volatile memories including important data, like an

operating system. However some times it is important to protect data on a
volatile memory and therefore a memory interface with write protection
inmproves therfunetionglityeoba system &verdinease of welatilenmempongd 6t he

ageess ee le of this kind of sityation may be the operatin
syé%e mai%ggqe, \3{% &grr% ak/nﬁact{/%' bgeL H I%%dréla Sf,rozir‘r%{dL m asbser%rgmioc?)&} (%ﬁ'\ef rom
vBRafife MERTOTY devicBhWienléddel 6r HEmdS Stored irron-volatile

memory there is a need to protect some areas, e.g. operating system

areas. Current DRAM interfaces do not provide any method to protect
nBASIOISRE TéthofyPdread SHATIRGOWATe ProfctiBh #dtlfe IR esMnigiETe
memaryn énderface prablesbotivvelatilecand, nen-yolatilesnemDrigs sysagen
with the same interfa tacal even on one and the same jnterface,

T brotoahah can B onSed (g wite: BroBewon HIPT Strarshed
the iIM&Paces 14 s Vrike tarbte dtfinasighal t&A He a signal on the

address bus in combination with a special command on the command

bus. It can also be introduced as an extended mode register setting or

With'a B8paralte tbmniditth 6 tHE BorhfifndSust 'F6r sxamipste tRemory

ale-sefrestecammand:onibe preelarge icoramand spay be ysed Lo0gathelies
with a WP s&na{ on the :
usage wi he same interface protocol even on one and

the same interface.

Write protection can be introduced using a write
protection (WP) signal on the interface 14. This write
protection signal can be a signal on the address bus in
combination with a special command on the command bus. It
can also be introduced as an extended mode register

setting or with a separate command on the command bus.

For example the auto-refresh command or the precharge
command may be used together with a WP signal on the
address bus. The WP signal on the address bus can tell
whether ﬁhe particular addressed block is to be protected
or not. One {or more) address signal(s) together with the
new write protect command could be used to select the
type or protection. Using one particular WP address
signal provides write and write&read protection features

on the interface.

For example, once a WP signal is received and write
protection for a certain address area is actived, no

write operations are allowed anymore. The same could be



address bus. The WP signal on the address bus can tell whether the
particular addressed block is to be protelc}ed or not. One (or more)
address signal(s) together with the new write protect command could be
used to select the type or protection. Using one particular WP address
signal provides write and write&read protection features on the interface.
For example, once a WP signal is received and write protection for a
cenfainiastiress areais betived, Nes dvrite peEations ase allowed ARy Moy

ThesRe ooyld be.17, spplied o esticed end spsss Inamore, .,

OT) I S S1dn
vanced’ metﬁog, one or more agaress s?gn ogetner with a hew
"Wtelotett ebfmiarrdorrtné cormmahd buswoalidibé used o seéldst thesed

e @repretaction &or gxample (e yperof oProfeeiion, 8- 1e the type of

write/write&read protection, can be selected with a particular address
iyl e /&3t of the alldress Sigrats Bh TR alre’ Bk gy bearselFor
seketting ¢he addiess bieck(s)taberprotented or sinpretectethin ease-ther
esS Si onit re are, not enqugh for selecting address
?ﬁ)%%s?gﬁlé%r%gta%gﬁﬁg %n% e Jéc)i}ritt%a 8%5 gg’ﬁld %usr%%y fer %’c?dgreé%) *

sifafson e A86re8d BUS TAND G for tseldstingrthe didekds o be
preteetedorunprotegtads «Ehe interfaca-enables gacessing registersdot e s s
onfiguration with a mode register set command, The mode register set
command id ied oW t§%ﬁe§eeieeg?§té%‘3 AEGRE Ryreds. alse
coafigurationaiay be dohe thimughbaddress Sigjriats. Bank addresses
BAO and BAI can be used
Other address signals on the address bus can be used for

selecting the block(s) to be protected or unprotected.

The interface enables accessing registers for
configuration with a mode register set command. The mode
register set command is used to write to these registers.
The actual register configuration may be done through
address signals. Bank addresses BAQ and RAl can be used
to select the register to be written. BAC = ‘0’ and BAl =
‘07 can be used with volatile memory devices to configure

the CAS latency, burst type, burst length and so on.

BAO = ‘0’ and BAL = ‘1’ are used for extended mode
register (driver strength, partial array refresh,
temperature compensated refresh configuration) with
Mobile SDRAM and Mobile DDR. PC DDRs use BAO = ‘1’ and
BAL = 0’ for extended mode register (DLL, Drive

strength)

Currently BAO = ‘1’ and BAl = ‘1’ are not used. It is
proposed to use BAD = ‘1’ and BAl1l = ‘1’ for introducing

write protection mode for the flexible interface. The



to select the register to be written. BAO = "0' and BAI = 10' can be used
with volatile memory devices to configure the CAS latency, burst type,
burst length and so on. BAO = "0' and BAl = *1' are used for extended
mode register (driver strength, partial array refresh, temperature
compensated refresh configuration) with Mobile SDRAM and Mobile
DDR. PC DDRs use BAO = "1'and BAI ="'0' for extended mode register

(Rlilo Drive- Streaghy @Hfﬁféb’t%&obifli§B@B%§:“¥ﬁ§@%k|§%@?1§iS
proposed to use BAO = "1' and BA1 = "1' for.introducing write protection
P e RS tne Sty ThO18 BodS LAl BE Bl et by BRO =

issting2wit8plotect’ tégistéd set' sommand (mode register command
with BAO = "1'and BA1 ="1" addresses). FIG. 4 illustrates a flowchart for
providinr%vv,rite protection to a certain memory area. When using non-

volEfite hemored idritheSinterfabBr tHeddmrhand® A6t féfrestarid e
prechiacge areinabuseden thei contealbug, as dadicatedrabovenfheon-

C nds_self-refresh entr d exit .might not necessarily be needed
e b O o
MchEREsicoad dleRPuttiogthsse memoresihtoa white protection bus, as

magde; 43 case yplatile memorkisusedidhese sommands.cannot beysed. . ; ¢
for write protection. New commands are necessary. In this view, two

ifipREMetaiiont GFE DBEIBIE. RRcBiNG O e inpierhidinmeBar Y
noavvolkatile Memory and volatite mamaryrise aipeweonmand.ile

memeories could allow putting these memories into a write
protection mode. In case volatile memory is used, these
commands cannot be used for write protection. New
commands are necessary. In this view, two implementations
are possible. According to one implementation, both non-
volatile memory and volatile memory use a new command.
According te another implementation, non-volatile memory
uses existing volatile memory commands, and volatile

memory uses new commands.

For example, receiving the auto-refresh command or the
self-refresh command (400} on the sub-command bus 144,
the memory device could be put into write protect mode
(402) .

After receiving {400) one of these commands in non-
volatile memory devices, the memory devices can interpret
every memory access as a write protect command. In this
case, receiving on the address bus a block address (404)
may be used to identify (406) which address blocks are to
be write protected. However, alsc a bank or page or any
other memory area can be protected with the described
method.



According to another implementation, non-volatile memory uses existing
volatile memory commands, and volatil emory uses new commands.
For example, receiving the auto-refresh'’command or the self-refresh
command (400) on the sub-command bus 14A, the memory device could
be put into write protect mode (402). After receiving (400) one of these
commands in non- volatile memory devices, the memory devices can
interpret every memory access as a write protect command. In this case,

rafslving 00INe RUPLERS IR RKRAIAGILUICIL AL BELISEd s vated
identify (406) which a ress% ocks are 1o e_wﬁte prptec%ed. Owever,
alsd™E bank'BF page of By cothEPRFGIgTards cas be réedtethwitd dyend

described method. 1F Ronibese.address bi@%sa@éd%&%é’(;%%ﬂg%iis%ﬁ, the
activated (408). Whether write protection is activated can depend on the
s?acffféa 8%0&\)/\}@% bits on %eaa%%?gssss S E.§2 e foWdsDitoh tifentify

addtessdiuscarciie wsed ¢0 fdentifc activatiohfufevrite ipsotettian Aftare .

the Blocks are prptected (408) s emony device, can again %eepe%h*%a%(ack
in to normal mode. This can happen by sending again a "precharge
cOMmM&nd BF 3&kIfteft8sh EBmndifi (410 BRNINkHazent 8ad affskhg?

normahmoge (432)y-after raception pf this ﬁle?ﬁﬁﬁnﬁﬁzﬁﬁgﬁ?iﬂ% tmanether
embhodiment (or more) address signal(s) together with a write
c%rr%rﬁgn@g Cr:néa)?f 5% ﬁ?égc]i 0 %lﬁadfi%é]t% witethe a%ﬁ%?wdrﬁlérbtea\c%m]fs used
offetdfion of this command.

According to another embodiment, one {or more) address
signal (s) together with a write command may be used to
indicate whether a password protection is used or not. If
only cne address signal is used to indicate the password
protection, there may be only two states: password

protection used and password protection not used.

With more than one address signal available on the
address bus, more passwords can be introduced for
protection {one user password, operating system password
etc). For example, signals on the data bus could also be

interpreted as passwords.

When the interface supports burst writes, the password
could be delivered in sequences e.g. with 8 word (16
bits} burst, the password length could be 16 bytes. Read
commands can still be interpreted on the interface as

normal reads, enabling XIP usage.

Write protection according to embodiments can already be
used with existing interfaces for memory devices like

DDR, SDRAM, or RAMBUS.



only one address signal is used to indicate the password protection, there
may be only two states: password proteﬁ}ion used and password
protection not used. With more than one address signal available on the
address bus, more passwords can be introduced for protection (one user
password, operating system password etc). For example, signals on the
data bus could also be interpreted as passwords. When the interface
supports burst writes, the password could be delivered in sequences e.g.

Wil &uprd (16 bits) hurst, the pagsword length.could ge 16 bytes. Read,.
commands can still be interpreted on the interface as normal reads,
erdBihg X Bsdde’ Wite Profetfiory ABcorelingto etfisediments €an also be
alngadybel usethwith existing interfaces.formemory devigesdike sBBR: s R

SDRAM gr RAM%%SRZO S d%}%icted in FIG. 5, the row address R can
d

bé divided Snfd tvo paits Re, R And NS BB AddesS CeiPalBHhearts

divide&intotthe paid€s, Cb. By uividingrbw atldresssR intos tHePAESS may
Re. Rhand-colump address Grinta-the parts, Ga; Oy $he pumbey, of pins

at the address bus ADDRESS may be reduced l:g/ a factor of substantially
WERhThE U&HERY B, HEMFRbE ofrsSNET andHh Sferfiianplary
addrissdussize ADR=Iresults iretheltotal {nuroher pinsal acearsing (9ins
an inventive embodimentas T =[ 1 =7. 2 As can be seen from{heltiming

chag attheibeginoingef thefirstrising adgsdhe first pag R o th|row |

address

As can be seen from the timing chart at the beginning of
the first rising edge the first part R, of the row address
R is provided. After that, at the temporarily following
falling edge of the timing clock signal CLOCK or
strobe(s), the second part R, of the row address is
provided. By that, with a latency of half a clock period,
the complete row address R is provided. With a latency of
two rising edges, the column address is provided within

two parts, Ci, Cp.

As can be seen from FIG 5, the first part C, of column
address C is provided at the first falling edge after the
latency of two rising edges. The column address may,
however, consist of more than two parts. In such a case,
it is possible, according to embodiments, that a first
part may already be delivered earlier then the first
falling edge, after the latency of two rising edges. The
only limit for delivering the column address earlier may

be that the row address needs to be fully delivered.

The second part Cp of the column address C may then be

provided at the temporarily consecutive rising edge. With



R is provided. After that, at the temporarily following falling edge of the
timing clock signal CLOCK or strobe(s)ﬂhe second part Rb of the row
address is provided. By that, with a latency of half a clock period, the
complete row address R is provided. With a latency of two rising edges,
the column address is provided within two parts, Ca, Cb. As can be seen
from FIG 5, the first part C. of column address C is provided at the first

falling edgeafter thef tatencyi of twoesrisiggy edge'siérmeicdmmﬂvagq;ﬁesﬁzs , the
may,, noyevercensist of more than Mwagsz'&%%@ RETSHALE o c1ock
Ay a rea%y e

possible, according to embodiments, that a first part nmay
deliverad @aflidrthelr tHe first Fdmag etge, afflertReTatdaey aftwd isingme

edges: Ehe wonbnlimit foridelivedng dre ealdmizaddress eamiermay;i B8. The
tkg:lt t:Ehe row addreisg réeeaqcs tohbe féjll delivered. The second part Cb of

the column &Adress T may therT be “providsd &t the temparTily-1me as
coAsdcutive Fisiigedye. With &d r tresaddréss imHdrmationeeingudividett e ss ¢

Intg two pags: e dow Address 7 is peowided wilh pdatepey of hglf & clock

cycle and the column address C is provided at the same time as without
dRASISH Of i addrebE infoRTARGH: The BaeFisIHoviBéd affie ddaibus
at thelsamedimeas witiioutdivisionof addressdafiormpationCeldmmier then

re is not delayed with half a clock cycle, since the .controller or
?t?ﬁ cgsﬁgt%. §£cse§§fﬁgaurn%vr%g§ start lsréﬁﬁinéésco?é:(ngﬁ Addresd C:,L‘cha‘?f?aI eady
drstkdribdl ehrlidnthen irpdaseraf statitard addressing, as addressing is

already

FIG. 6 depicts a consumer electronic device 2 comprising
a central processing unit CPU 12, a first common
interface 14.1 between CPU 12 and mass memory device
10.2, a second common interface 14.2 between CPU 12 and
volatile memory device 10.1 and a third common interface
14.3 between CPU 12 and volatile memory device 10.3 (e.q.
XiP). All interfaces 14 are of the same kind. The
interface protocol supports mass memory device 10.2,
volatile memory device 10.1 and non-volatile memory 10.3
by enabling flexible setting of latency, burst, write

protection,

Memory device 10.1 comprises processing means 10.1C, and

memory banks 10.1D, for storing the actual data.

Mass memory device 10.2, which may for example be a
computer program product, such as a data carrier, may
provide a computer program via interface 14.1 to CPY 12

for retrieving data from memory device 10.1 or 10.3.

The computer program comprises instructions operating at

least one processor to transfer data between a Dynamic



possible during a falling edge. FIG. 6 depicts a consumer electronic
device 2 comprising a central processing,unit CPU 12, a first common
interface 14.1 between CPU 12 and mass memory device 10.2, a second
common interface 14.2 between CPU 12 and volatile memory device 10.1
and a third common interface 14.3 between CPU 12 and volatile memory
device 10.3 (e.g. XiP). All interfaces 14 are of the same kind. The
interfatenpivtocst supports Massdnemosypdéviea 103; walate Memory
deyieedf-" agd doppiatiie mamonAQ.8 by habiing fexible pein.of .
latency;, burst, write protection. Memory device 10.1 comprises

pfitedsiigméars 104 e aiemelybanke 181D fopstoking thenamic
ag@@ﬁdaiaamsmm@r@éwewﬁe&Qx%ém@@maytf%examefn@%er of
cgmputer program product, such as a data carrier, may prqovide a
c%r‘-‘ﬁ‘?[;{liitz)rJ"ptr(%’g|i£alrﬁr5i1 I\E;Fafcij%f:errfeac(&:]e(?ﬂ. f?tlé3 T2 P87 r&thiEVING JARE HGAPCK
nfemdry devicalli0dtortdD:3 tThevcgmpater pregranveoemprsesand on a
instryctions gperating at least one processor to transfer data between a
Dynamic 22 Random Access Memory and an application specific
integrated circuit (ASIC) such that the data flow rate a data bus for
transferring data to and from the dynamic random access memory is
varied such that the number of data bits transferred on the data bus

within one clock cycle is adjustable through at least one command on a
control bus. 23
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Claims 1. A method for accessing data stored in a memory device 5
through an interface comprising: - aglgressing data on the memory device,
and controlling at least data flow to and from the memory device through
a common interface, and - transferring data to and from the memory
device through at 10 least one data;bus, - wherein commands on the
common interface are adjusted depending on the type of memory device
connected to the common interface, such that - at least a latency is
adjusted depending on the type of 15 memory device connected to the
ommon interface usin Command+s on the common interface. 2. The
methiod of Claitm 1, Wiarei the inferfacs provides 'acteRsTS anhd Hoht ©°
voiatile oh nen-votatie mermory2(hdevices; 3. The method of claim 1,
further providing,addressing, data on a connected memory device of a
0 SR Shid W & Doc) At LTl 2t Edar ety =t
tocemel-25ifrom theawonnectedcmémuory devicedhroughdaid imterfaces wgh a

E%%nggpoldn%feg@ig& %,{ fu&rltggr providing transferring data to ar_wd from the
connected memory device through at least one data bus of said common

interfagé e30 bnThdatethod of elaimrhfurther providing addressingdataigh at

on.the. memory, deviceg through at least one address bus, and controlling

at least data flow to and from the memory device through at least one
comRmand bugmmands on the commen interface are adjusted

depending on the type of memory device connected to the
common interface, such that

at least a latency 1s adjusted depending on the type of
memory device connected to the common interface using

commands on the common interface.

The method of claim 1, wherein the interface provides
access to and from velatile or non-volatile memory

devices.

The method of claim 1, further providing addressing data

on a connected memory device of a fype selected from said

different types, and controlling at least data flow to and

from the connected memory device through said interface.

The method of claim 1, further providing transferring data

te and from the connected memorv device through at least

one data bus of said common interface.

The method of claim 1, further providing addressing data

on the memory device through at least one address bus, and

controlling at least data flow to and from the memory

device through at least cne command bus.
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35 24 6. The method of claim 1, wherein a latency set range of said
memory device is requested from theqmemory device through said
interface. 5 7. The method of claim i further comprising adjusting at least
a burst mode latency depending on the type of memory device connected

toihe interace using comymands; an the -cammand bus. 1Q 8. Fheduethods ;g
of claim 1, wherein the commands for adjusting said latency are reserved
P S ittereft usEwith ofrél §pes bf Mefoh Geics oY Thehethod groueh
caimil,iwhereisthe, latency is set during 15 configuring the interface for
accessing the memory device. 10. The method of claim 1, further
comprising write protecting at least parts of the memory device using write
protectienheemmands ofvthe command buso2® t1-The method of slaimt

0, wherein write protecting further camprises using write protection _
cjzlc#ﬁﬁnsﬁhénasn%ﬁliﬁetp a%%?e‘ssg%ﬁé% 13.@‘]%1%1 %nle?ﬁo Bf C1afn 1Y RirHer Memory
CUFRprising writes protecting dddresstareéis of nos-volatite memary devicee
ucsérg(gi%%mmand.s reserved for volatile memory devices on the command

.'Eljhe method of claim 1, further comprising write protecting 30

address areas of the memory device using extended mode register

seftings. 23, 14 s Ehe.method of glaim 1, further comprising weite protecting, .
said latency are reserved for a different use with other

types of memory devices,
S ¥

The method of claim 1, wherein the latency is set during

configuring the interface for accessing the memory device.

The method of claim 1, further comprising write protecting
at least parts of the memory device using write protection

commands on the command bus.

The method of claim 10, wherein write protecting further
comprises using write protection commands on the address
bus.

The method of claim 1, further comprising write protecting
address areas of non-volatile memory device using commands

reserved for volatile memory devices on the command bus.

The method of claim 1, further comprising write protecting
address areas of the memory device using extended mode

register setfings.
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at least one of the memory devices of the type of A) DDR, B) SDRAM, 5

C) RAMBUS with commands on thezgommand bus. 15. The method of

claim 1, further comprising selecting the type of memory device
supported by the interface using a 10 chip select signal. 16. An interface

forinterfacing between.an integrated siseuit- 3R any:one ofa pluralityof -+ : ng
different types of memory devices, said interface for addressing data, and

foF 15 CORtroffing &t tedst dalEiow fo ARd fronT athemdfy G&%ige %of a type

selected from said different types of memory devices, wherein: the
interface is configured to adjust latency and commands depending on the
t%e of Riéiory device connected to the 20 interface, such that at least a
latency isiadjusted depending on the type of memory device connected to
thet%ommon iggrface ursllng cgmmanéjsbon the common interface. 17.
The intérface of claim 16, *v?/hgr“énllf?%qaten%? Set range of 25 said memory
device is set through said interface, such that said different memory

vices with different.types of capabilities are connectable tq said. .
e Sl JSehofoa dieert b ee B heia dumes witfsd®
interface £30:480 The dnterface ot plaim 6] furtheriprovidingrareaddressng a

bys: for addressing, data, 26

An interface for interfacing kbetween an integrated circuit
and any one of a plurality of different types of memory
devices, said interface for addressing data, and for
controliing at least data flow to and from a memory device
of a type selected from said different types of memory
devices, wherein:

the interface is configured to adjust latency and commands
depending on the type of memcry device connected to the
interface, such that at least a latency 1s adjusted
depending on the type of memory device connected to the

common interface using commands on the common interface.

The interface of claim 16, wherein a latency set range of
sald memory device i1s set through said interface, such
that said different memory devices with different types of
capabllities are connectable to saild interface enabling
use of saild different tyvpes of memory devices with said

interface.

The interface of claim 16, further providing an address

bus for addressing data,
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a control bus for controlling at least data flow to and from the memory
device, and a data bus for transferring data to and from the memory
device. 5 19. The interface of claim 16, further providing adata bus for
transferring data to and from the connected memory device. 10 20. The

interfage of claims16: wherein:the interface provddes: agsess tojand fromung
volatile or non-volatile memory devices. 21. The interface of claim 16,

fhRA8r providiig 84dreL&ing =15 datd on a connected memory device of a
typei selectedsirom: saiddiferent types:and contralling atleast datanflow r
to and from the connected memory device through said interface. 20 22.
A‘mobilé communication device with a central processing unit and a
memory device comprising an interface of claim 16. 23. Integrated circuit

Q&mepr%msr@lr%ge %rlneiiréterfa%e giglagnm %g g5ugghA computer-system

COMpHSING & central procassing Unit ant- & mambdry devics wherditha Pve

centrat proteSsing:unit iSdt aconnestion Withrthe e monyrdeviceiviasan: ry
ir%itee\@fagg of claim 16. 30 25. The computer system of claim 24, wherein
plural memory devices are in connection with the processing unit. 27

The interface of claim 16, wherein the interface provides
access to and from velatile or non-volatile memory

devices.

The interface of claim 16, further providing addressing
data on a connected memcry device of a type selected from
said different types, and controlling at least data flow
to and from the connected memory device through said

interface.

A moblle communication device with a central processing
unit and a memory device comprising an interface of claim

16.
Integrated circuit comprising an interface of claim 16.

A computer-system comprilsing & central processing unit and
a memery device, where the central processing unit is in
cennecticn with the memory device via an interface of

claim 1o,

The computer system of claim 24, wherein plural memory

devices are in connection with the processing unit,
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27.

26. The computer system of claim 24, wherein the processing unit is
arranged for selecting the type of memory device connected to the
interface. 5 27. A computer program product with a computer program
stored thereon, the program comprising instructions operating at least
are=processarde teansfemdaia between amembpir-devicerandancessing
intejgrated cérggit lr§uch tﬁatiatengéistﬂgdgs%t d, and comrpands onthe .
intetfack ard adjusted 10 depanding e“@ﬁe of Rierory Helide’ aevice
conneeteckto the interfacetsuchahat at least a latency is adjusted

depending on the type of memory device connected to the common
interface using commands on the common interface.

A computer program product with a computer program stored

thereon, the program comprising instructions operating at
least one processor to transfer data betwesn a memory
device and an integrated circuilt such that latency is
adjusted, and commands on the interface are adjusted
depending on the type of memory device connected to the
interface such that at least a latency is adijusted
depending on the type of memory device connected to the

common interface using commands on the common interface.



