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Flexible'Access and Control of Dynamic Random Access

Memory
Techniéal Field

The invention relates in general to accessing a Dynamic

Random Access Memory -(DRAM)
Background

Memory technology implies the need for accessing data
within memory devices, such as DRAM or other memory
devices. Therefore, different addressing sfrategies 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 1oca£ion 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
capacitors in the row. The control circuit then places

the column number of the desired location on the same

CONFIRMATION COPY
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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
amplifier corresponding to the selected column. After a
delay called the CAS access time, this output is
presented to the outside world on the DRAM's data I/0

pin.

To write 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
ready the DRAM for its next operation. The DRAM requires
a certain interval called the precharge interval between

operations.

Once the control circuit has selected a particular row,
it can select several columns in succession by placing
different column 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
ugeful for retrieving microprocessor instructions, which

tend to be stored at successive addresses in memory.

In addition, the provision of commands is typically
provided through comménd strobeg on the command bus. The
number of different commands depends on the number of
pins on the command bus with 2" and N the number of pins

at the command bus. With the increasing demand for
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different commands, the command bus needed to be
expanded. However, as die size is 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 ﬁhe address bus is also relevant for
the overall size of the connection interface between the
memory device and the central processing unit (CPU). The
higher data rates were required the higher the number of
connection pins on the address bus were selected. This
increased the sgize of the interface. In addition, the
number of pins on the data bus and the overall number of
pins of the interface determined the type of memory to be

used on the 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 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.

The number of pins at the address bus, the data bus and
the command bus is getting more critical? since new
application designs require flexible and high bandwidth
access to the memory devices. Doubling the bandwidth of
the address bus would require doubling the number of
address terminals. As the package size of memory devices
is required to be small, increasing the number of pins is

hardly to implement.

Summary
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According to an aspect of the invention, the number of
pins on an interface can be reduced and the flexibility
of the interface increased by a method for accessing data
stored in a dynamic random access memory, with addressing
data through at least one address bus, control;ing at
least data flow to and from the dynamic random;access
memory through at least one control bus, transferring
data to and from the dynamic random access memory through
at least one data bus, and clocking the dynamic random
access memory through at least one clock input, wherein
transferring data to and from the dynamic random access
memory through the data bus is operated at a variable’
data flow rate such that the number of data bits
transferred on the data bus within one clock cycle is
adjustable through at least one command on the control

bus.

According to anothef aspect, the objects are also solved
by an interface for interfacing between an integrated
circuit and a Dynamic Random Access Memory comprising
address bus pins for addressing data, control bus pins
for controlling at least data flow to and from the
dynamic random access memory, data bus pins for
transferring data to and from the dynamic random access
memory, and clock pins forrproviding clocking signals to
the dynamic random access memory, the interface is
arranged to vary the data flow rate on the data bus piné
for transferring data to and from the dynamic random
access memory such that the number of data bits
transferred on the data bus within one clock cycle is
adjustable through at least one command on the control

bus. The integrated circuit can be a central processing
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unit (CPU) or an application specific integrated circuit

(ASIC) or any other integrated circuit.

One other aspect of the invention is an integrated
circuit comprising an interface for connection Dynamic
Random Access Memories with the integrated ciréuits
comprising addresgs bus pins for addressing data, control
bus pins for controlling at least data flow to and from
the dynamic random access memory, data bus pins for
transferring data to and from the dynamic random access
memory, and‘clock pins for providing clocking signals to
the dynamic random access memory, the interface is
arranged to vary the data flow rate on the data bus pins
for transferring déta to and from the dynamic random
access memory such that the number of data bits
transferred on the data bus within one clock cycle is
adjustable through at least one command on the control
bus. The integrated circuit can be an ASIC a CPU or any

other integrated circuit.

A further aspect of the invention is a dynamic random
access memory with address bus pins for addressing data,
control bus pins for controlling at least data flow, data
bus pins for tranéferring daﬁa, and clock pins for
providing clocking signals to the dynamic random access
memory, the memory is arranged to vary the data flow rate
on the data bus pins for transferring data such that the
number of data bits transferred on the data bus within
one clock cycle is adjustable through at least one

command on the control bus.

A further aspect of the invention is a computer program

product with a computer program stored thereon for
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providing transferring data between a Dynamic Random
Access Memory and an application specific integrated
circuit such thatAthe data flow rate of 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.

Another aspect of the invention is a mobile communicatibn
device with an integrated circuit (IC) and a Dynamic
Random Access Memory comprising an interface for
interfacing between the IC and the Dynamic Random Access
Memory comprising address bus pins for addressing data,
control bus pins for controlling at least data flow to
and from the dynamic random access memory,Adata bus pins
for transferring data to and from the dynamic random
access memory, and clock pins for providing clocking
signals to the dynamic random access memory, the
interface is arranged to vary the data flow rate on the
data bus pins for transferring data to and from the
dynamic random access memory such that the number of data
bits transferred on the data bus within one clock cycle
is adjustable through at least one command on the control
bus. The IC can be an ASIC a CPU or any other integrated

circuit.
Brief Description of the Drawings
In the drawings show:
Fig. 1 a simplified block diagram of a central

processing unit coupled to a memory unit

through a bus, where the bus includes a
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plurality of command signal lines, address
gignal lines, clock signal lines, and control

gignal lines.

FPig. 2 a table with different command to be
. transferred on the command sub-bus, according

to one embodiment;

Fig. 3 a flowchart of an inventive method, according

to embodiments;
Fig. 4 a timing chart of an memory addressing;

Fig. 5 a consumer electronic device using the method

and memory device according to embodiments;
Detailed Description of the Drawings

By way of introduction, the embodiments of this invention
reduce a number of IC pins needed for connecting an
integrated circuit, such as a memory integrated circuit,
such ag a dynamic RAM (DRAM), to other circuitry, such as
baseband circuitry in a portable wireless communications
terminal. In addition, by way of the flexible provision
of data flow rates oh the data bus and bus width,
different types of memory devices can be supported by an

interface according to embodiments.

The embodiments of this invention provide a novel
technigque for providing control and addressing data on a
bus to the memory device by providing differential data
structures on the buses. For example, the data bus width

and the data flow rate on the data bus can be changed
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dynamically. The change of data bus width and /or data

flow rate can be done by a mode register set (MRS) cycle
indicating to a special register the corresponding
settings through the control bus. Further, for example
differential clock timing, differential strobejtiming,
differential clock frequency, and reliability %ith
optional DLL can be provided. By using DLL the
reliability and processing speed of a DRAM can be
improved.‘In addition, the values for setting the
flexible bus configuration can, for example, be stored by
providing a special register storing differential timing
data. The register fields of the special register can be
used in the same way as any register fields via an MRS

cYcle.

Fig. 1 is a simplified block diagram of a memory unit 10
coupled to a central processing unit (CPU) 12 through a
bus 14. In addition to conventional bidirectional data
signal lines, address signal lines, and control signal
lines (such as, for example, a read/write signal line)
The bus includes a command sub bus 14A and a clock signal
line 14B. For the cage where the memory unit 10 is
located in an IC separate from the CPU 12, each of the
busg 14 signal lines needs to be connected to the memory
unit 10 via an IC pin or terminal. In other embodiments
the memory unit 10 and the CPU 12 may be integrated on,
or otherwise combined within, the same IC package.
However, in this case the bus 14 still interfaces to the

memory unit 10.

Note that some signal lines could be placed in an

optional control bus.
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The buses can be the control, address and data {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,
the control bus for controlling at leastAdata flow to and
from the dynamic random access memoryf the data bus for
traﬁsferring data to and from the dynamic random access
memory, and the clock 14B for providing clocking signals
to the dynamic random access memory. The control bus can

be extended by command sub-bus 14A.

The interface 14 can use traditional signalling for the
control bus,4for example, via the LVCMOS protocol. The
signalliné on the data bus can be differential, with
varying data bus width and data flow rate, though.
However, differential signalling can also be used on all

buses.

The interface 14 can be arranged to vary the data flow
rate on the data bué 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
on the data bus within one clock cycle is adjustable
through at least one command on the control bus. The data

flow rate can be stored in a special register of the DRAM

10.
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The data bus width on the data busg can be changed to, for
example, x2, x4, x8, x16, etc. These valueg can be
provided on the control bus. The values can be stored in
a special register. The numbers x4, X8, etc, can be
understood as the number of data signals on th§ data bus.
The amount of data can increase with the numbe% of data

lines on the data bus, e.g., the bus width.

The described interface 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 and the data bus width 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,

Logistic benefit can be received if the used memory
components for low and high end are the same, which is a
reason for flexible set up. Another option can be that
the memory components are predefined to work with certain
maximum values. The host interface can check the settings
from the memory and can set its own parameters
accordingly. In this case the interface is flexible, but

the memory component is not.

The data cycles per clock and the burst length can be set
through 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 fregquency on clock 14B can also vary. For

example values between 1MHz and 266MHz are possible. With
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digital locked loops (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 chahges dynamically.

For a case where memory unit 10 and CPU 12 form a part of
a communications terminal, such as a cellular telephoné,
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)
section 18 of the communications terminal, as opposed to
an RF section 20. Note that in this embodiment the CPU 12
may be, or may be coupled to,.a digital signal processor

(DSP) or equivalent high speed processing logic.

In general, the various embodiments of a device wherein
the circuit constructed and operated in accordance with
this invention can be located include, but are not
limited to, cellular telephones, 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 or 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.
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Note in the embodiment of Fig. 1 that the command sub bus
14A includes two sgignal lines, labelled CMDO and CMD1.
There can also be more than two signal lines on command
sub bus 14A. The circuit can operate with n copsecutive
edge transitions of the clock signal on the sub- command

bus, where n >= 2.

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
statés per clock pulse, and an ability to encode up to 16
individual commands using two command signal lines in the
command sub bus 14A. Note that the clock edge sampling
could be arranged so that the falling edge was used first
to sample CMDO and CMD1l, followed by the next rising
edge. In either case two consecutive clock edges are used
to sample the state or level of at least one other signal
line to determine the information that is encoded by the

level (s) of the at least one other sgignal 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 (“0”) and CMD1l low (“0”) on the
falling edge of the clock signal 14B. This sequence of
four command signal line states (1100, as in Fig. 2) 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, etc can be configured.
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FIG. 3 illustrates a method according to embodiments for
providing flexible setting of the interface for accessing
memory, wherein transferring data to and from the dynamic
random access memory through the data bus is operated at
a variable data flow rate such that the number of data
bits transferred on the data bus within one clock cycle
is adjustable through at least one command on the control

bus. The MRS cycles are used in one solution, since it

already exist. However there is no technical limitation

for implementing new cycles on the control bus.

In an initialization phase 30, the values for data bus
width and data flow rate, and possibly other flexible
values are set. The memory 10 can receive on command sub-
bug 14B an MRS command 32. The MRS command initiates an
MRS cycle, where the neceséary data is transferred from
the CPU 12 to the memory 10. These data can be the data
flow rate and the data bus width. In addition, the burst
length, the clocking frequency, the DLL and other setting

can be transferred.

The control bus can be read 34 to obtain the wvalue for
the number of data cycles per clock. In a next cycle, the
control bus can be read 36 to obtain the bus width. Both
valueg can as well be obtained in one single MRS cycle.
These values can be set by the CPU or the ASIC and can
correspond to the respective memory 10. In additiomn, the
memory can have fixed settings for these values and can
provide the ASIC via the interface with its properties.
The ASIC can then communicate with the memory 10 in-line

with these setting.
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After the values for the settings have been exchanged,
the values can be stored 38 in a special register (not

shown) in the memory 10.

In addition, the clocking frequency on the clogk 14A can
vary. The clock frequency can be determined during
initialization 30 of the memory 10. In addition, the
clocking can be adjusted during operation of the memory

10.

After initialization, the address commands, as will be
described in more detail in FIG. 4 can be read 40 and the
data can be retrieved from the data bus 42 in accordance
with the setting of the data flow rate and the data bus
width.

After one data cycle, the command bus can be checked 44
whether a new command is available. If not, the next set
of data can be read 40, 42. If yes, the corresponding

command can be executed 46.

As depicted in FIG 4, the row address R can be divided
into two parté R., Rp and the column address C can also ne
divided into'two parts Ci, Cp. By dividing row address R
into the parts R,, Ry, and column address C into the parts
Ca, Cp, the number of pins at the address bus ADDRESS may
be reduced by a factor of substantially two. In the
depicted case, the number of parts N=2 and an exemplary

address bus size ADR=13 results in the total number pins

T according to an inventive embodiment as 212[%;]=4m
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As can be geen 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 Ry, 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 4, the first part Ci 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
the address information being divided into two parts, the
row address R is provided with a latency of half a clock
cycle and the column address C is provided at the same
time as without division of the address information. The
data is provided at the data bus at the same time as
without division of address information. Column address C
is not delayed with half a clock cycle, since the
controller or the central processing unit may start
sending column address C half a clock period earlier then
in case of standard addressing, as addressing is already

possible during a falling edge.
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FIG. 5 depicts a consumer electronic device 2 comprising
a central processing unit CPU 12, control and I/O bus 6
between CPU 12 and storage memory 50, bus 14, and memory
device 10. Memory device 10 can comprise proce§sing means
10a, and memory banks 10b, storing the actual éata. The
memory device 10 can be operated as described above

through bus 14;

Storage memory 50, which may for example be a computer
program product, such as a data carrier, may provide a
computer program via I/O bus 6 to central processing unit
12 for retrieving data from memory device 10. The
computer program comprises instructions for execution on
at least one processor to transfér data between a Dynamic
Random Access Memory 10 and an application specific
integrated circuit 12 such that the data flow rate on 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 14.
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Claims

A method for accessing data stored in a dynamic
random access memory, comprising the step% of:
addressing data through at least one address bus,
controlling at least data flow to and from the
dynamic random access memory through at least one
control bus,

transferring data.to and from the dynamic random
access memory through at least one data bus, and
clocking the dynamic random access memory through at
least one clock input,

wherein transferring data to and from the dynamic
random access memory through the data bus is

operated at a variable data flow rate such that the

number of data bits transferred on the data bus

within one clock cycle is adjustable through at

least one. command on the control bus.

The method of claim 1, further comprising clocking
the dynamic random access memory with variable clock

frequency at the clock input.

The method of claim 2, wherein the clock frequency
is determined during initialization of the Dynamic

Random Access Memory.

The method of claim 2, wherein the clock frequency
is varied during operation of the Dynamic Random

Access Memory.
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The method of claim 1, further comprising varying
the data bus width on the data bus to x2°, with n a

positive integer.

The method of claim 1, further comprising storing at
least one of

A) the data flow rate; and

B) the data bus width ,

within at least one special register of the Dynamic

Random Access Memory.

The method of claim 1, further comprising providing
addressing on the address bus on a falling edge and

on a rising edge of a clock signal.

The method of claim 1, further comprising providing
commands on the command bus within a rising and

falling edge.

The method of claim 1, further comprising providing
addressing on the address bus with a variable burst

length.

The method of claim 1, further comprising providing
data transfer on the data bus with a variable burst

length.

An interface for interfacing between an integrated
circuit and a Dynamic Random Access Memory
comprising

address bus pins for addressing data,

control bus pins for controlling at least data flow

to and from the dynamic random access memory,
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- data bus pins for transferring data to and from the

dynamic random access memory, and
clock pins for providing clocking signals to the
dynamic random access memory,

wherein the interface is arranged to vary]the data

flow rate on the data bus pins for transferrlng data

to and from the dynamic random access memory such
that the number of data bits transferred on the data
bus within one clock cycle is adjustable through at

least one command on the control bus.

The interface of claim 11, further comprising
varying the data bus width on the data bus to x2%,

with n a positive integer.

The interface of claim 11, further arranged for
supporting different types of Dynamic Random Access
Memory through variable selection of data bus width
and data flow rate on the address bus and the data

bus.

The interface of c¢laim 11, further comprising

varying the clocking frequency on the clock pin.

The integrated circuit comprising an interface of

c¢laim 11.

The integrated circuit of claim 15, further
comprising varying the data width on the data bus to

x2", with n a positive integer.

The integrated circuit of claim 15, further arranged

for supporting different types of Dynamic Random
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Accegg Memory through variable selection of bus
width and data flow rate on the address bus and the

data bus.-

The integrated circuit of claim 15, further
comprising varying the clockiﬁg signal on ithe clock

pin.

A dynamic random access memory comprising:

address busg pins for addressing data,

control bus pins for controlling at least data flow,
data bus pins for transferring data, and

clock pins for providing clocking signals to the
dynamic random access memory, |

wherein the memory is arranged to vary the data flow
rate on the data bus pins for transferring data such
that the number of data bits transferred on the data
bus within one clock cycle is adjustable through at

least one command on the control bus.

The dynamic random access memory of claim 19,
further comprising varying the data width on the

data bus with x2", with n a positive integer.

The dynamic random access memory of claim 19,
further arranged for receiving a varying clocking

gignal on the clock pin.

The dynamic random access memory of claim 19,
further comprising a special register for storing

the data flow rate and the data bus width.
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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 an interface of claim 11.

A computer program product with a computer pfogram
stored thereon, the program comprising instruction
for execution on at least one processor so as to
operate said at least one processor to transfer data
between a dynamic random access memory and an
application specific integrated circuit 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 cydle ig adjustable

through at least one command on a control bus.

A mobile communication device with a integrated
circuit (IC) and a dynamic random access memory
compriging an interface for interfacing between the
IC and the dynamic random access memory comprising
address bus pins for addressing data,

control bus pins for controlling at least data flow
to and from the dynamic random access memory,

data bus pins for transferring data to and from the
dynamic random access memory, and

clock pins for providing clocking signals to the
dynamic random access memory,

wherein the interface 1s arranged to vary the data
flow rate on the data bus pins for transferring data
to and from the dynamic random access memory such

that the number of data bits transferred on the data
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bus within one clock cycle is adjustable through at

least one command on the control bus.



WO 2006/085173

\432 ‘
16C

[ (o5

F
5

1/5

PCT/IB2006/000114

< 14
. DATR ] Lp - 10
AN Ly
ConTROL /
C 3 CLOCK
- HBﬂ »CTV\DO
§ "MD{—
BB 18/v 148 \
COMMAND ICR |

LoGiC



PCT/IB2006/000114

WO 2006/085173

2/5

A

dON

N4y

EL=!

SHW

fjus spout umop Jamod abieyodaid

Kijua umop Jamod sAloY

afieyoaly

dojs i1sing

sjqeus ebleyoaid ony ppe WNjoIRSIIM

ajqesip-abieyoaid ojny: ppe Wnjoogeji

s|qeus abieyoald o)ny ppe wnjodgpeay

a|qesip ebieyoald ojny: ppe Wnjoogpesy

Ippe MoJgaAloe Yueqd

Aljus ysaijal }1ag

ysaial oy

OO~ |0+ |O|—|Oiv ||~ OO+

QIO O|O|v|+—|O|0O, | [O|O]|v |

O OO0 |I0O|IO|O|O|v v | v |7 v iviv

}ixa ysaijel J|as B 1xs
umop Jemod BADY g 1Ixa umop Jamod abieyoaiyg

FAWD

0anWd

Lano

0dnd

abpa buyjey

abpe Buisiy

(sjdwexe ue Joy) puewiLO)




WO 2006/085173 PCT/IB2006/000114

3/5
v. 3 30
Recieve MRS /2 L
command
A 34

Read Control bus L

v

Read control bus v

\ 4

38
Store data in register -~
[nitialization
monT Addese o] 40
R ea ress on
" address bus L~
v
. Provide data on data /4-1
bus
44 46
Is A
command Execute command >

No available

FIG. 3



WO 2006/085173 PCT/IB2006/000114

4/5

)
@)
)
)
-3
ReX
L.
e}
O
9]
O
£0
o4
Q
——_—] m
[42]
3
5§ 03 2
S ® ©



PCT/IB2006/000114

WO 2006/085173

5/5

S iy

ADTAAQ

RO
ol

SANVL
KA0WAH

qol

Y0SSA30dd

eol

p4:(0)7101; R,
govaois QO C

ndo

———

)

9

HMDIAHAA DINOILOATI TIRNSNOD

4




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

