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( BOOT SEQUENCE OF CELLULAR MODEM AND SUBSEQUENT OPERATIONS %
T T— S P T e e s

BOOT CELLULAR BASE BAND IN PERIPHERAL MODE — 410

l

CONVERGENCE CONTROLLER READS BOOT CODE IMAGE
FROM NAND FLASH VIA NAND CONTROLLER 420

i

CONVERGENCE CONTROLLER LOADS BOOT CODE IMAGE
VIA UART TO BASE BAND 430

l

BOOT LOADER ON BASE BAND LOADS CONVERGENCE
CONTROLLER SECONDARY BOOT CODE TO INTERNAL | — 440
SRAM, AND STARTS EXECUTING THE CODE

L

LOAD FULL CODE IMAGE FROM NAND FLASH VIA SD PORT
THROUGH CONVERGENCE CONTROLLER TO BASE BAND L~ 450
INTERNAL SRAM AND/OR EXTERNAL SDRAM

l

DURING OPERATION, BASE BAND ACCESSES NAND FLASH
VIA ITS SD PORT THROUGH THE CONVERGENCE — 460
CONTROLLER AS A STANDARD SD CARD '

FIG. 4
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‘ COMMUNICATION BETWEEN CE HOST AND CELLULAR BASE BAND AND ACCESS TO SD STORAGE '

BASE BAND REQUESTS ACCESS TO SD STORAGE FROM HOST 8Y
WRITING REQUEST MESSAGE TO L — 510
BB 2 HOST MAILBOX N CONVERGENCE CONTROLLER

'

CONVERGENCE CONTROLLER ISSUES INTERRUPT TO HOST — 520

A

HOST READS MESSAGE FROM CONVERGENCE CONTROLLER | — 530

\

HOST GRANTS REQUEST BY WRITING TO
HOST 2 BB MAILBOX (MULTI-BLOCK WRITE) — 540

A

CONVERGENCE CONTROLLER RECOGNIZES FIRST BLOCK AS GRANT
MESSAGE, THEN HOLDS BUSY STATE BEFORE SECOND BLOCK THUS — 550
FORCING HOST CONTROLLER TO HOLD AND NOT ACCESS THE BUS

\ 4

NOTIFY BASE BAND THAT REQUEST WAS GRANTED, VIA DEDICATED
INTERRUPT LINE 560

|

BASE BAND PERFORMS OPERATIONS ON SD STORAGE L — 570

) 4

UPON COMPLETION, BASE BAND WRITES FREE MESSAGE TO
CONVERGENCE CONTROLLER — 580

A

BUSY STATE REMOVED FROM SD HOST BUS — 590

FIG. 5



US 7,970,433 B2

Sheet 6 of 11

Jun. 28, 2011

U.S. Patent

(19V d0I14d)
9 'OI4

NOLLYY3JO JLiM MO018 I3 TdILINW

NOLLYYAJO LRIMHMO0TE

o} 1o 0078 viva

NOLLVH3dO dO1S Viva — -
Asng OO |  MO01BVLYQ | ----m-emmeseo ASNg
3SNOdSaN ONVWWOD [ -====--====ccccoskomonfoccns
YIISNVAL VIV \ QYD WOYd ASNE
Sd01S ANVNINOO dO1S ANV 3SNOdSIH MO D

QuvO OL1
1SOH NO¥4 V1va

A J

e 1N

3SNOJSI

ONVWIWNOO — aWo

/ 1SOHOL / QYvO OL

QYv3 NOX4

1SOH NOy4



US 7,970,433 B2

Sheet 7 of 11

Jun. 28, 2011

U.S. Patent

VL Ol

[HgPess)-~==

1BPoes |l s :
- ez o e e
(G000 Vv

CAUNYED 85300Y XOTTIVA OL SIUNM 1SOH

P LAMUMEANE
Tame
»owmy ] —
rona] HEP2SD) s
-7 FEKOISIY and — o
HINOD ANCC
Qi BE NOUS ¥IVQ THINGD ANDD
O, 95 O
- XOE¥W OL SDVSSIN
1S3N03Y S3LIWM 88
UITIOUINOD SONFOYIANOY
Q4 GNYE A5VE MY INTIE) WO
o LATEMELING
iva
oo
HITIOHINOD BOMIMEIANOSD
O LSO 20 Moy
96 180H
LE3NDY $S30W [ is0HéE 88
AUVIS NOLLYALBEY TYOrO01



US 7,970,433 B2

Sheet 8 of 11

Jun. 28, 2011

U.S. Patent

]
13
1
AN T s
] .
oo g oot ;m asna| 1|0 i W iva
.......... -{ 3sNodsa¥ [-| ano T:.-.Ww.%wwm:ﬁ.ﬁ eaaen gﬂz\oo .--.ﬁmmzommmm | { oo b— awo
/«ﬁ%ﬁm FINORIVIVE oo a0 MiNOD NGO Ol &8 hOw3 VAvD HWNOG ANCO
e SVE IS ' A53N0TY SAAMM 88 MITIOUINOD wuzmox@,z@
i ©O1 ONVE 35VE ¥VINTIZ0 Noud
S :
“ — : LANMUIINI
.......... apeee -
e o i B oo
L50H WOM: v1va NINGD ANGD YITIOMINGO JONIDUIANOD
01 1SOH WO 01 LSOH 30 WO
“ Ko o S 80 >
CAINVNDSSEDOY e — g8¢ 1S0H
........ 1S3ND: SS300V —— 1soHe 8
2UVLS NOLLVULIENY éu,wow




U.S. Patent Jun. 28, 2011 Sheet 9 of 11 US 7,970,433 B2

( SLEEP MODE '

BASE BAND IS {DLE FOR A LONG TIME L~ 810
BACKUP PARAMETERS IN INTERNAL SRAM 820

l

SET SECONDARY BOOT CODE AS CODE TO BE
EXECUTED IN POWER RESUMPTION ,— 830

l

BASE BAND SET A TIMER FOR POWER RESUMPTION,
HALTS INTERNAL CPU OPERATION AND DISCONNECTS — 840
THE POWER TO EXTERNAL SDRAM

FIG. 8
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{ RESUME AFTER SLEEP MODE .

TIMER EXPIRES — 910
POWER IS RESUMED — 820

l

BASE BAND CPU STARTS EXECUTING
SECONDARY BOOT LOADER 930

l

SECONDARY BOOT LOADER LOADS

CODE IMAGE BACK TO EXTERNAL | — 940
SDRAM, AND HANDS IT CONTROL

FIG. 9



US 7,970,433 B2

Sheet 11 of 11

Jun. 28, 2011

U.S. Patent

OT "SI

and —
- x | eaexommvwison 7
gze
m W _ XOHIVIN 1S0H € 88 7 -
= |3 ) \ﬁ
EL) g |
=118 o o
EY%) B
M4 ONVN \o: . | ¥3TIONINGD SONIONIANOD
® e L Neze | ) 2 Ny
2 [ gl -2
m. m. m_ 8 |5, m_ L m_ m.
gl g8 |8 £k
[ ] ¥
FOVAYILNI ASOH TS vn
ez’
E =) / \ wvus
i€ 9iE W3GOW GNVH 3SVE ¥VINTI3D
oie—"
»maaiqﬁqQS;\\
\\

§\




US 7,970,433 B2

1
SD SWITCH BOX IN A CELLULAR HANDSET

PRIORITY REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Appli-
cation No. 60/933,792, entitled SD SWITCH BOX IN A
CELLULAR HANDSET, filed on Jun. 8, 2007 by inventors
Itay Sherman, Eyal Bychkov and Yaron Segalov.

FIELD OF THE INVENTION

The field of the present invention is cellular modems.

BACKGROUND OF THE INVENTION

Today’s conventional cellular handset includes a cellular
base band modem. The base band modem does not have
built-in non-volatile memory, and has limited internal volatile
memory (SRAM). For use of non-volatile memory, a cellular
modem may be connected to a NOR flash memory, and also
to additional external SDRAM.

When booting up, a cellular modem generally accesses the
NOR flash memory to execute a code image that is stored
therein. The cellular modem may access such code image
directly, or by first copying it to its internal SRAM.

Many cellular modems also support a peripheral boot
mode, through which they load a secondary code image from
an external port, such as a UART port or a USB port, which is
connected to an external device, such as a PC computer,
which loads the secondary code image via a peripheral inter-
face. The secondary code image is then used to re-program
the NOR flash memory with new image code. Peripheral boot
mode is typically used for program development and debug-
ging via a PC.

High end cellular handsets also have NAND flash memory
coupled thereto. In such case, the NAND flash memory is
used for code and data storage. The NAND flash memory is
connected via a dedicated NAND controller embedded in the
cellular base band modem, or via an SD bus to an external SD
controller that is connected to the NAND flash. For cellular
handsets that have NAND flash memory, access to the NAND
flash is performed via the cellular base band modem.

Cellular handsets may support connection to an external
device host, such as a PC computer. In such case, the handset
provides the host access to its internal NAND flash memory.
Host access to NAND flash memory is generally performed
over a USB connection, where the internal NAND memory is
mapped as a mass storage drive on the host. The handset thus
operates as a USB device, which is a slave, and the host
operates as a USB host, which is a master.

Reference is now made to FIG. 1, which is a simplified
block diagram of a prior art cellular handset 100. Handset 100
includes a cellular base band modem 110 with an external
memory interface (EMIF) 120 for accessing a NAND flash
storage 130 and an SDRAM storage 140. Correspondingly,
EMIF 120 includes a NAND controller 150 and an SDRAM
controller 160, respectively.

Many consumer electronic (CE) devices, such as MP3
song players and MP4 movie players, support connection to
non-volatile storage elements, the most common storage ele-
ment being SD memory and its variants including inter alia
Mini SD and Micro SD. The CE device operates as a host,
which is a master, and the SD memory operates as a slave.

It would thus be desirable to be able to connect CE devices
that support SD connections with cellular modems, in order to
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enhance the CE devices with modem functionality. However,
many challenges have to be overcome in doing so. Some of
these challenges are:
How is the cellular modem booted up?
How does the CE device communicate with the cellular
modem?
How is the cellular modem transition in and out of sleep
mode carried out?
How are conflicts resolved when both the CE device and
the cellular modem want to access SD memory at the
same time?

SUMMARY OF THE DESCRIPTION

Aspects of the present invention concern a design for a
cellular handset that is connected to a CE host device, and
enhances the CE device with modem functionality. The CE
host device supports SD connection. Examples of such host
devices abound and include inter alia digital cameras, per-
sonal data assistants (PDAs), MP3 music players, MP4 movie
players, TVs with SD slots, laptop PCs and GPS navigational
systems.

In addition to enhancing the CE host with modem func-
tionality, connection of the cellular handset to the CE host
also serves to enhance the host with the storage capabilities of
the modem.

The special design of the present invention enables a cel-
Iular base band modem within the handset to bypass NOR
flash memory when booting up, enables communication
between the cellular base band modem and the CE host, and
enables the cellular base band modem to switch in and out of
sleep mode without loss of state parameters and code image.

In accordance with an embodiment of the present inven-
tion, a convergence controller is used to couple the CE host
device with the handset’s cellular base band modem and with
the handset’s NAND flash memory. The convergence con-
troller serves as an SD switch box, which connects two SD
devices, namely, the cellular base band modem and the CE
device, and enables switching access to SD storage between
the two SD devices.

The convergence controller includes a communication
mechanism through which the cellular base band modem and
the CE host device communicate with one another. Such
communication mechanism includes a first mailbox via
which the cellular base band modem sends a message to the
CE host, and a second mailbox via which the CE host sends a
message to the cellular base band modem.

The two mailboxes are used to resolve conflicts when both
the CE host and the cellular base band modem want to access
SD memory at the same time. The cellular base band modem
sends an access request message to the CE host via the first
mailbox, and the CE host responds by sending an access
granted message to the cellular base band modem via the
second mailbox.

There is thus provided in accordance with an embodiment
of'the present invention a cellular handset, including a cellular
base band modem, including a UART interface, and an SD
host interface, a NAND flash memory, a NAND controller
coupled with the NAND flash memory, a host device includ-
ing a host controller, wherein the electronic host device sup-
ports an SD connection, and a convergence controller coupled
with the cellular base band modem, the host device and the
NAND controller, including a UART port for transferring
data to and from the cellular base band modem via the UART
interface, an SD port for transferring data to and from the
cellular base band modem via the SD host interface, an SD
port for transferring data to and from the NAND flash
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memory viathe NAND controller, an SD port for transferring
data to and from the host device via the host controller, a first
mailbox into which the base band modem writes messages
and from which the host device reads messages, and a second
mailbox into which the host device writes messages and from
which the cellular base band modem reads messages.

There is additionally provided in accordance with an
embodiment of the present invention a cellular handset,
including a cellular base band modem, including a UART
interface, and an SD host interface, a NAND flash memory, a
host device including a host controller, wherein the electronic
host device supports an SD connection, and a convergence
controller coupled with the cellular base band modem, the
host device and the NAND controller, including a UART port
for transferring data to and from the cellular base band
modem via the UART interface, an SD port for transferring
data to and from the cellular base band modem via the SD host
interface, a NAND controller coupled with the NAND flash
memory, an SD port for transferring data to and from the host
device via the host controller, a first mailbox into which the
base band modem writes messages and from which the host
device reads messages, and a second mailbox into which the
host device writes messages and from which the cellular base
band modem reads messages.

There is moreover provided in accordance with an embodi-
ment of the present invention a method for booting a cellular
base band modem, including booting a cellular base band
modem in a peripheral mode, reading a boot code image from
a NAND flash memory, loading the boot code image to inter-
nal SRAM of the cellular base band modem, executing the
boot code, by the cellular base band modem, loading a full
code image from the NAND flash memory to the internal
SRAM of the cellular base band modem, and accessing, by
the cellular base band mode, the NAND flash memory via an
SD port as a standard memory card.

There is further provided in accordance with an embodi-
ment of the present invention a method for communicating
between a host device and a cellular base band mode, includ-
ing requesting, by a cellular base band modem from a host
device, access to an SD storage, including writing an access
request message to a first mailbox, notifying the host device
of the message in the first mailbox, including issuing an
interrupt request to the host device, reading, by the host
device, the message in the first mailbox, granting, by the host
device, the access request, including writing a grant message
to a second mailbox, wherein the grant message is the first
block of a multi-block write, notifying the cellular base band
modem of the message in the second mailbox, including
issuing an interrupt request to the cellular modem, reading, by
the cellular base band mode, the message in the second mail-
box, including recognizing the first block as a grant message,
holding an SD host bus in a busy state, thereby forcing the
host device to hold and not access the bus, accessing, by the
cellular base band modem, the SD storage, and upon comple-
tion of the accessing, removing the busy state from the SD
host bus.

There is yet further provided in accordance with an
embodiment of the present invention a method for a cellular
base band modem to transition in and out of a sleep mode,
including when a cellular base band modem is idle for a long
period of time: backing up state parameters in an internal
SRAM, setting a secondary boot code as the code to be
executed upon resumption of power, setting a timer for
resumption of power, halting internal CPU operation, and
disconnecting power to an external SDRAM, and when the
timer has expired: reconnecting power to the external
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SDRAM, loading the secondary boot code, and loading a full
code image to the external SDRAM.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more fully understood and
appreciated from the following detailed description, taken in
conjunction with the drawings in which:

FIG. 1 is a simplified block diagram of a prior art cellular
handset;

FIG. 2 is a simplified drawing of a handset coupled with a
CE device, in accordance with an embodiment of the present
invention;

FIG. 3 is a simplified block diagram of a cellular handset,
in accordance with a first embodiment of the present inven-
tion;

FIG. 4 is a simplified flowchart of a method for booting a
cellular modem and performing subsequent operations, in
accordance with an embodiment of the present invention;

FIG. 5 is a simplified flowchart of a method for communi-
cating between a CE host and a cellular base band, and access-
ing SD storage, in accordance with an embodiment of the
present invention;

FIG. 6 shows a prior art multi-block format for an SD
memory card;

FIG. 7A is a simplified diagram illustrating a process of
enabling a base band modem to access SD storage, where a
convergence controller coordinates between the base band
modem and a CE host, in accordance with a first embodiment
of the present invention;

FIG. 7B is a simplified diagram illustrating a process of
enabling a base band modem to access SD storage, where a
convergence controller coordinates between the base band
modem and a CE host, in accordance with a second embodi-
ment of the present invention;

FIG. 8 is a simplified flowchart of a method for a sleep
mode, in accordance with an embodiment of the present
invention;

FIG. 9 is a simplified flowchart of a method for resuming
operation after a sleep mode, in accordance with an embodi-
ment of the present invention; and

FIG. 10 is a simplified block diagram of a cellular handset,
in accordance with a second embodiment of the present
invention.

DETAILED DESCRIPTION

Aspects of the present invention relate to cellular handsets
that are coupled with consumer electronic (CE) host devices,
with the host devices operating as master and the cellular
handsets operating as slave. The cellular handsets enhance
and augment the CE host devices by providing the hosts with
modem functionality. In this regard, reference is now made to
FIG. 2, which is a simplified drawing of a handset 200
coupled with a CE device 250, in accordance with an embodi-
ment of the present invention.

Convergence Controller

A convergence controller is used to couple the CE host
device with a cellular handset modem. When the host device
and the cellular modem are coupled, they share use of cellular
handset NAND flash memory. The convergence controller
serves as an SD switch box, which connects two SD devices,
namely, the cellular modem and the CE device, and enables
switching access to SD storage between the two SD devices.

Reference is now made to FIG. 3, which is a simplified
block diagram of a cellular handset 300, in accordance with a
first embodiment of the present invention. Handset 300
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includes a cellular base band modem 310, a dedicated con-
vergence controller 320, a NAND controller 330, and NAND
flash memory 340.

Convergence controller 320 is connected to base band
modem 310 via both a UART port 322 and a base band SD
host port 323. Correspondingly, base band modem 310
includes a UART interface 312 and an SD interface 314,
respectively.

Convergence controller 320 is connected to an SD NAND
controller 330 via an SD port 324. During normal operation,
base band modem 310 accesses NAND flash memory 340 via
SD port 324.

Convergence controller 320 also includes an external SD
port 325 for connecting to a consumer electronic (CE) host
350 that supports SD connections. Handset 300 may plug in
to CE host 350 or connect to CE host 350 via cable. When
handset 300 and CE host 350 are connected, CE host 350
accesses NAND flash memory 340 via convergence control-
ler 320. It is noted that access to NAND flash memory 340 is
not required to pass through base band modem 310. As such,
base band modem 310 may be in sleep mode or shutdown
mode during operations between CE host 350 and NAND
flash memory 340.

For memory storage, handset 300 includes an internal
SRAM memory 316, and an external memory interface
(EMIF) 318 connected to an SDRAM memory 360.
Booting Base Band Modem 310

Reference is now made to FIG. 4, which is a simplified
flowchart of a method for booting cellular base band modem
310, and for performing subsequent operations, in accor-
dance with an embodiment of the present invention. At step
410 the base band modem is booted in peripheral mode. In
general, when a base band modem is booted in peripheral
mode, the internal ROM code in the modem looks for code
that is input via a peripheral interface, including inter alia a
UART or a USB interface. The base band modem retrieves
such code and transfers it to internal SRAM 316, and then
transfers control to SRAM 316.

At step 420 convergence controller 320 reads a secondary
boot code image from NAND flash 340, via NAND controller
330. At step 430 convergence controller 320 loads the sec-
ondary boot code image via its UART port 322 to base band
modem 310.

At step 440 a boot loader of base band modem 310 loads
the secondary boot code to internal SRAM 316, and begins
executing the secondary boot code. At step 450 the executing
code loads the full code image from NAND flash 340 via
convergence controller’s SD port 324, to internal SRAM 316
or to external SDRAM 360, or to both. At step 460, during
operation, base band modem 310 accesses NAND flash 340
via convergence controller’s SD port 324, as a standard SD
memory card.

Communication between Base Band Modem 310 and CE
Host 350

In accordance with an embodiment of the present inven-
tion, base band modem 310 communicates with CE host 350
via a controller 355, using mailboxes implemented in conver-
gence controller 320. Specifically, convergence controller
includes two mailboxes, a mailbox 327 that is written to by
base band modem 310 and read from by CE host 350, and a
mailbox 328 that is written to by CE host 350 and read from
by base band modem 310. Convergence controller 320 ini-
tiates an interrupt to CE controller 355 when base band
modem 310 completes a write operation to mailbox 327. Such
interrupt may be implemented as an SDIO interrupt on an SD
bus, or as a dedicated signal. Similarly, CE controller 355
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initiates an interrupt to base band modem 310 when CE host
350 completes a write operation to mailbox 328.

It will thus be appreciated by those skilled in the art that
mailboxes 327 and 328 may be used for direct transfer of data
between base band modem 310 and CE host 350. In one
embodiment of the present invention, each mailbox 327 and
328 includes 512 bytes, of which the first two bytes are header
bytes that store a message type, and the remaining bytes store
the message itself.

Mailboxes 327 and 328 may be mapped to an SDIO regis-
ter map on the base band modem side and on the CE host side.
Alternatively, mailboxes 327 and 328 may be mapped to SD
memory space. In such case an arbitration algorithm is used to
resolve conflicts when both CE host 350 and base band
modem 310 try to access SD storage at the same time.

Reference is now made to FIG. 5, which is a simplified
flowchart of a method for communicating between CE host
350 and cellular base band modem 310, and accessing SD
storage 340, in accordance with an embodiment of the present
invention. At step 510, base band modem 310 requests access
to SD storage 340 from the CE host 350, by writing an access
request message to mailbox 327. At step 520 convergence
controller 320 issues an interrupt to CE host 350, to notify CE
host of the message that was written. At step 530 CE host 350
reads the message from mailbox 327.

At step 540 CE host 350 grants the storage access request
by writing an access granted message to mailbox 328. The
write operation at step 540 is performed as a multiple block
write operation. Multi-block writes are described in the SD
specification, Part I: Physical Layer, Simplified Specification
Version 2.00, Sep. 25, 2006. In this regard, reference is made
to FIG. 6, which shows a prior art multi-block format for an
SD memory card.

At step 540, the first block of the mufti-block write
includes the grant of access message, and the rest of the
blocks are dummy blocks that are filled with zeros. At step
550 convergence controller 320 recognizes the first block of
the message as a grant of access, and holds a busy state on the
SD host bus before reading the second block, thereby forcing
CE controller 355 to hold and not access the SD bus.

At step 560 base band modem 310 is notified that its access
request was granted, via a dedicated interrupt line, by reading
mailbox 328. Base band modem 310 can then proceed to
access SD storage 340. At step 570 base band modem 310
performs its operations on SD storage 340. At step 580, upon
completion of using SD storage 340, base band modem 310
writes a free message to convergence controller 320. Finally,
at step 590 convergence controller 320 removes the busy state
from the SD host bus.

Generally there is a timeout of 250 msec for a busy period.
As such, convergence controller 320 ensures that access to
SD storage 340 is shorter than this time.

Reference is now made to FIG. 7A, which is a simplified
diagram illustrating a process of enabling a base band modem
to access SD storage, where a convergence controller coordi-
nates between the base band modem and a CE host, in accor-
dance with a first embodiment of the present invention. FIG.
7A is arranged as a time line advancing from left to right.
Three types of data flow are illustrated along the time line;
namely, a logical arbitration state, communication between
CE host 350 and convergence controller 320, and communi-
cation between cellular base band modem 310 and conver-
gence controller 320.

Logical arbitration involves a protocol for switching access
to SD storage 340 between base band modem 310 and CE
host 350, which share SD storage 340. As described herein-
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above with respect to FIG. 5, arbitration operates by means of
access requests and access grants written to mailboxes 327
and 328.

Communication between CE host 350 and convergence
controller 320, and between cellular base band modem 310
and convergence controller 320, occurs via command signals,
data signals and interrupt signals. Data blocks are followed by
CRC error checking codes.

As shownin FIG. 7A, when cellular base band modem 310
wants to access SD storage 340, it writes an access request
message to the BB—Host mailbox 327. Thereafter, conver-
gence controller 320 issues an interrupt to CE host 350,
informing it that there is a message waiting in mailbox 327.
CE host 350 then reads the access request message in mailbox
327, and writes a multi-block access grant message to
Host—=BB mailbox 328. Convergence controller 320 recog-
nizes the first block of the multi-block as an access grant
message, and holds a busy state. Convergence controller 320
issues an interrupt to base band modem 310, indicating that
access to SD storage 340 is granted. Base band modem 310
then accesses SD storage 340 and performs its requisite
operations. Upon completion, base band modem 310 writes a
release message to convergence controller 320, which then
releases the busy state. In turn, CE host 350 is then able to
write the second block (dummies) to Host—=BB mailbox 328.

Reference is now made to FIG. 7B, which is a simplified
diagram illustrating a process of enabling a base band modem
to access SD storage, where a convergence controller coordi-
nates between the base band modem and a CE host, in accor-
dance with a second embodiment of the present invention. As
shown in FIG. 7B, an access grant write command is not
needed, and the reading of the base band modem access
request suffices to trigger the busy state for CE host 350.
Whereas in the embodiment of FIG. 7A a multi-block write
by CE host 350 is used to generate the busy state, in the
embodiment of FIG. 7B a single-block read suffices to initiate
the busy state.

Sleep Mode for Base Band Modem 310

Base band modem 310 may be idle for a long period of time
if no call or data exchange is underway and there is time to
wait until a next signaling session with a cellular network. In
such case, base modem 310 may drop to a sleep mode. More-
over, in order to conserve power consumption in sleep mode,
base band modem 310 may shut off SDRAM power, which
results in losing the code image on SDRAM 360. In order to
enable proper operation, base band modem 310 maintains
state parameters in internal SRAM 316. Alternatively, or in
addition, base band modem backs up state parameters in
internal SRAM 316 prior to going to sleep.

In this regard, reference is now made to FIG. 8, which is a
simplified flowchart of a method for a sleep mode, in accor-
dance with an embodiment of the present invention. At step
810 base band modem 310 is idle for a long period of time. At
step 820 base band modem 310 backs up state parameters in
internal SRAM 316. At step 830 base band modem sets the
secondary boot code that was loaded to SRAM 316 at step
440 as the code to be executed upon resumption of power. At
step 840 base band modem 310 sets a timer for resumption of
power, halts internal CPU operation, and then disconnects
power to external SDRAM 360.

Reference is now made to FIG. 9, which is a simplified
flowchart of a method for resuming operation after a sleep
mode, in accordance with an embodiment of the present
invention. At step 910 the timer that was set at step 840
expires. At step 920 power is resumed. At step 930 base band
modem 310 begins executing the secondary boot code, based
on the setup defined at step 830. Finally, at step 940 the
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8
secondary boot code loads the code image into external
SDRAM 360, and transfers control thereto.

In reading the above description, persons skilled in the art
will realize that there are many apparent variations that can be
applied to the methods and systems described. In particular,
components of FIG. 3 that are shown integrated may be
separated, and components that are shown as separated may
be integrated. In this regard, reference is now made to FIG.
10, which is a simplified block diagram of a cellular handset,
in accordance with a second embodiment of the present
invention. In the embodiment illustrated in FIG. 10, an SD
NAND controller 1030 is integrated within convergence con-
troller 320. In distinction, SD NAND controller 330 is exter-
nal to convergence controller 320 in FIG. 3.

When SD NAND controller 1030 is integrated within con-
vergence controller 320, convergence controller 320 can
directly access NAND flash 340. As such, at step 420 of FIG.
4, convergence controller 320 reads the boot code image
directly from NAND flash 340, without using an external
NAND controller.

In the foregoing specification, the invention has been
described with reference to specific exemplary embodiments
thereof. It will, however, be evident that various modifica-
tions and changes may be made to the specific exemplary
embodiments without departing from the broader spirit and
scope of the invention as set forth in the appended claims.
Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense.

What is claimed is:

1. A cellular handset, comprising:

a cellular base band modem, comprising:

a UART interface; and

an SD host interface;

a NAND flash memory;

a NAND controller coupled with said NAND flash

memory; and

a convergence controller coupled with said cellular base

band modem and said NAND controller, comprising:

a UART port for transferring data to and from said cel-
lular base band modem via said UART interface;

a first SD port for transferring data to and from said
cellular base band modem via said SD host interface;

a second SD port for transferring data to and from said
NAND flash memory via said NAND controller;

a third SD port for transferring data to and from a con-
troller of an external host device;

a first mailbox into which said base band modem writes
messages and from which the host device controller
reads messages; and

a second mailbox into which the host device controller
writes messages and from which said cellular base
band modem reads messages,

wherein said convergence controller enables the host

device controller to access said NAND flash memory

when said cellular base band modem is in a sleep mode.

2. The cellular handset of claim 1 wherein said conver-
gence controller enables said cellular base band modem and
the host device controller to access said NAND flash memory
at separate times.

3. The cellularhandset of claim 2 wherein said cellular base
band modem writes an access request message to said first
mailbox, to request access to said NAND flash memory.

4. The cellular handset of claim 3 wherein said conver-
gence controller issues an interrupt signal to the host device
controller after said base band modem writes the access
request message.
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5. The cellular handset of claim 1 wherein said conver-
gence controller enables the host device controller to access
said NAND flash memory when said cellular base band
modem is in a shutdown mode.

6. The cellular handset of claim 1 wherein said first mail-
box is mapped to an SDIO register map on said cellular base
band modem.

7. The cellular handset of claim 1 wherein said first mail-
box is mapped to SD memory space on said cellular base band
modem.

8. The cellular handset of claim 1 wherein said second
mailbox is mapped to an SDIO register map on the host
device.

9. The cellular handset of claim 1 wherein said second
mailbox is mapped to SD memory space on the host device.

10. A cellular handset, comprising:

a cellular base band modem, comprising:

a UART interface; and
an SD host interface;

a NAND flash memory; and

a convergence controller coupled with said cellular base

band modem, comprising:

a UART port for transferring data to and from said cel-
lular base band modem via said UART interface;

a first SD port for transferring data to and from said
cellular base band modem via said SD host interface;

a NAND controller coupled with said NAND flash
memory;

a second SD port for transferring data to and from a
controller of an external host device;

a first mailbox into which said base band modem writes
messages and from which the host device controller
reads messages; and
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a second mailbox into which the host device controller
writes messages and from which said cellular base
band modem reads messages,

wherein said convergence controller enables the host

device controller to access said NAND flash memory

when said cellular base band modem is in a shutdown
mode.

11. The cellular handset of claim 10 wherein said conver-
gence controller enables said cellular base band modem and
the host device controller to access said NAND flash memory
at separate times.

12. The cellular handset of claim 11 wherein said cellular
base band modem writes an access request message to said
first mailbox, to request access to said NAND flash memory.

13. The cellular handset of claim 12 wherein said conver-
gence controller issues an interrupt signal to the host device
controller after said base band modem writes the access
request message.

14. The cellular handset of claim 10 wherein said conver-
gence controller enables the host device controller to access
said NAND flash memory when said cellular base band
modem is in a sleep mode.

15. The cellular handset of claim 10 wherein said first
mailbox is mapped to an SDIO register map on said cellular
base band modem.

16. The cellular handset of claim 10 wherein said first
mailbox is mapped to SD memory space on said cellular base
band modem.

17. The cellular handset of claim 10 wherein said second
mailbox is mapped to an SDIO register map on the host
device.

18. The cellular handset of claim 10 wherein said second
mailbox is mapped to SD memory space on the host device.

#* #* #* #* #*



