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Field of the Disclosure

[0001] The present disclosure relates generally to memory devices and, more

particularly, to single-port memory devices.

Background of the Disclosure

[0002] The need to read and write simultaneously to a computer memory device is
satisfied by dual-port memory devices; however, dual-port memory devices are
relatively expensive compared to single-port memory devices. A single-port memory
device, such as a stafic random access memory (SRAM) or a dynamic random access
memory (DRAM), can either read or write during any specific time period, typically
during a single clock cycle, but cannot read or write during a specific time period at the

same time.

[0003] Other memory devices incorporate a single-port SRAM that utilizes separate
read and write cycles from a clock. Other memory devices utilize a circuit with a dual
port first-in and first-out (FIFO) memory stack, wherein the circuit includes a first and
second bank and single-port RAMs to its data are written in alternation and, wherein

each bank when not being written to is read from.

[0004] Other memory devices include a single-port memory which is used to store an
image which can be read from and simultaneously written to. Separate read and write
buffers communicate to an arbiter section, which in turn communicates with the single

board memory.



boar¢d nenory. WD 2004/092966 PCT/ US2004/011375 2 [0005] O her nenory
devices simltaneously read and wite data into a single-port RAM wher ei n
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product. [000 Anot her architecture may utilize a single-port synchronous
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manufacturers may not support a dual-port synchronous RAM in the end product.

[0007] Another architecture may utilize a single-port synchronous RAM wherein the
single-port synchronous RAM is connected to a clock port to one host's clock. The
other host's signals need to be synchronous to the first host's clock; then the
synchronous control/data signals from both hosts would pass through an arbitration
block, which decides which host would have the right to access the RAM. The problem
of this architecture and method is that the clock connecting to the RAM would always
be required to be on. Otherwise, if the first host's clock is turned off, the other host
could not access the RAM. The other shortcoming of this architecture and method is
the delay that would be introduced and the extra hardware that would be required by the

synchronization and arbitration requirements.

[0008] What is needed is a system and method fo accommodate asynchronous hosts

that want to access the same RAM at the same time.

SUMMARY
[0009] Disclosed is a read/write memory device including means to accept signals
from a first host and a second host, the first host having a first clock and the second host
having a second clock, the signals including a first clock signal and a second clock, a
clock switching means for switching between the first clock signal and the second clock
signal, a single-port random access memory (RAM) module for storing data, and a
RAM clock for synchronizing the clock signals with the RAM module.



SUMMARY [0009] Disclosed is a read/wite nmenory device including nmeans to
.accept signals froma first host and a second host, the first host having a

first cl 0%0?5'(51/0‘)55% second host having a second cl ock, pigashenahsrs
including a first cFock signal and a sgcond clock, a clock sw tching neans

for switching between the first clock signal and the second clock signal, a
singl e-port random access nenory (RAM nodule for storing data, and a RAM
cl ock for synchronizing the clock signals with the RAM nodul e.
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t he RAM nodul e. BRI EF DESCRI PT| ON OF THE DRAW NGS [0012] The djscl osure w |
now be descriilstlpst hagrgafisst clpsk generafinga fiest eloek signgland the second host having a

second clock generating a second clock signal, switching between the first clock signal
and the second clock signal, allowing either the first host or the second host access to a
single-port random access memory (RAM) module, and storing data to and recalling the
stored data from the RAM module.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The disclosure will now be described in greater detail with reference to
example embodiments illustrated in the accompanying drawings, in which like elements

bear like reference numerals, and wherein:

[0013] FIG. 1 is a block diagram of an exemplary block diagram of a dual-port
synchronous RAM architecture of the prior art;

[0014] FIG. 2 is a timing diagram illustrating the synchronization of a finger-front end
(FFE) and a modem digital signal processor (MDSP) of the prior art;

[0015] FIG 3 illustrates a block diagram of a virtual dual-port synchronous RAM

architecture of the present disclosure;

[0016] FIG 4 is a block diagram of a clock switching unit according to the present

disclosure;



exanpl e enbodi ments illustrated in the acconpanying drawi ngs, in which |ike
.elements bear |like reference nunerals, and wherein: [0013] FIG 1 is a

bl ock di aq{@%og)‘o?ﬁ& exenpl ary bl ock di agram of a dual - poi,%i,rlgg%@%hg%ous RAM
dre’o

architect e prior art; [0014] FIG 2 is a timng

Il lustrating the synchronization of a tinger-front end (FFE) and a nodem
digital signal processor (MDSP) of the prior art; [0015] FIG 3 illustrates a
bl ock diagram of a virtual dual-port synchronous RAM architecture of the
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synchronous RAM architecture of a nmenory device according to the present
di scl osur e; [@M8] [ HIG3]6 FlGiratsi 4 | flost rchar sofahéwotwee thasts adcedzow single RAMS
access a single,.RAM  accordi to the present disclosure. DETAILED

DESCRI PTI O\Ia?mgFt%WB\H’ieWt cggc@suq_'e.i s a dual -port synchronous RAM devi ce of
the prior art. In this design, two hosts access two random access nenory
(RAM nodul es, however, a dual port synchronous RAMis |arger and nore

expensive than a single-port s r Lce. As shown in FIG 1,

t he dual - port synchronous RAM dﬁwﬁﬁﬁmﬁ nodem di gi tal signal
processor ( 9) KhooRdini G, 1 i§ AARRER SrRRroohd R A Td Iy et ool £ FE
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of the two hosts and the timng of their ccess to the first RAM and the
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di agram i || ystdhddens R debiRe.S BE showR HPFRS 1 e WDEL- 5t SARRIAMSIRAM device
10 includes a modem digital signal processor (MDSP) 12 and is in communication with
a finger front end (FFE) 13 component. The MDSP 12 and the FFE 14 represent two
hosts that access a first RAM 16 and a second RAM 18.

[0020] Shown in FIG. 2 is a timing diagram of ﬂie two hosts and the timing of their
access to the first RAM and the second RAM. The first timing diagram 20 is for the
FEE 14, wherein the diagram illustrates that the FFE is accessing the second RAM 18
and then alternatively accessing the first RAM 16. Likewise, diagram 22 illustrates the -
MDSP 12 accessing the second RAM 18 and alternatively the first RAM 16. As
illustrated in FIG. 2, according to the prior art, the two hosts, here the FFE 14 and the
MDSP 12, alternatively access the first RAM 16 and the second RAM 18. Therefore,
when the FFE 14 is accessing the second RAM 18, the MDSP 12 is accessing the first
RAM 16. Likewise, when the FFE 14 is accessing the first RAM 16, MDSP 12 is
accessing the second RAM 18, and the two hosts alternate access to the first RAM 16
and the second RAM 18.

[0021] In contrast, according to the present disclosure, a read/write memory device 32
provides a virtual dual-port synchronous RAM architecture with a single-port
synchronous RAM module. The dual-port synchronous RAM architecture disclosed
herein requires minimal hardware costs compared to the prior art. In addition, the
virtual dual-port synchronous RAM architecture of the present disclosure provides a
more efficient architecture which conserves battery power and therefore extends battery

life in those instances where the device is powered by a battery.



and then alternatively accessing the first RAM 16. Likew se, diagram 22
Jllustrates the MDSP 12 accessing the second RAM 18 and alternatively the
first RAMgS. iklustrated in FIG 2, according to th j the two
host s, hervgétzgoe%ﬁ’fgglgk 14 and the MDSP 12, alternatively a?gg@?‘%ﬂﬁ@i?iﬁr st RAM
16 and the second RAM 18. Therefore, when the FFE 14 is accessing the
second RAM 18, the MDSP 12 is accessing the first RAM 16. Likew se, when
the FFE 14 is accessing the first RAM 16, MDSP 12 is accessing the second
RAM 18, and [P822]t whhéyBtual dualeportsynchronews RAM tanchitectuse isRdistlosed mnFIG. e
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i nput signals to the virtual dual-port synchronous RAM device 38. The first

host 34 and OlQm%mwnhbﬁsd@f%ﬁiwﬂlesilmhﬁomitgﬂﬁmhmt%erthe:kigsad/iﬂ'anmi ng
unit 44 located internal, qf he virt dyal.- port ,synchronous. devi ce
38. The fi rg}'t]e ﬁ%’é’?ﬁ EaQ%Poﬁ-Paséman»f ‘?Et‘j’gf‘ é‘f"ﬁ‘?ﬁngll‘&‘&.éﬁ %Seﬁ%?“%’ﬁél g st

swi t chi ng urkigst #tor the sachidthosn4o, rhiRives s FRe Adé&}kbsi 85 PHHAKE fird KBQSANG: £! OCk

signal 48 to the clock switching unit 44, riher described bel ow, the
cl ock swi t cHieeapduaiock signal di8ewiths the sehend hast 46) apdatherfefaenthdeloék switching tniB4 or

the signal TLOM: only one clock signal to a RAM clock 50 which is input to a single-port

synchronous RAM module 52. Also connected to the single-port synchronous RAM
module 52 is an address, data bus, and control signal selection module 54 which allows
one host access to and from the single-port synchronous RAM module 52. When one
hqst'slclock is turned off, the other host can access the RAM with it's own clock,
therefore, one host's clock state of being on or off does not affect the other host's read or
write capability to the RAM. In addition, the read/write memory system disclosed
herein is not limited to two hosts. The architecture disclosed herein may support
multiple hosts, each with their respective clocks and with the system having means to
control access of one host at a time to the RAM. Fig. 6 illustrates the general method of
the virtual dual-port synchronous RAM architecture shown in Figure 3.

[0023] FIG. 4 illustrates a clock switching unit 44 design according to the present
disclosure, wherein a first local clock gating cell 62 is fed a first clock signal 64 and a
control signal from the first host 66. The clock switching unit 44 also includes a second
local clock gating cell 68 which is fed a second clock signal 70 and a control signal
from the second host 72, The control signal from a first host 66 is synchronous to the
first clock signal 64 and the control signal from the second host 72 synchronous to the
second clock 70. Signals are fed respectively from the first local clock gating cell 62
and from the second local gating cell 68 to gate 74, and the output from 74 is provided
to RAM clock 50. The control signal from the first host 66 and the control signal from



the second host 40. In addition, the clock switching unit 44, by selecting
.either the first host 34 or the second host 40, receives a first clock
signal 46 %%gm‘t/dg%girst host 34, or a second clock sigpahpaf8oodal {374 Ne
second host , ang therefore the clock switching unit selects only one
clock signal to a RAM cl ock 50 which is input to a single-port synchronous
RAM nodul e 52. Al so connected to the single-port synchronous RAM nodul e 52
is an address, data bus, and control signal selection nodule 54 which all ows
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the read/wite nenory systemdi sclosed hereinis not [imted to two hosts.

The archi t ecveid bapEerioyeddbend. n may support multiple hosts, each with
their respective clocks and with the system having neans to control access
of one host [8024] ti e Tigs tiH ey illubtgated in [Figs5 aiteeeih RRe dRMAE diagteinhag of
the virtual dual-port synchronous RAM architecture shown in Figure 3. [0023]
FIG 4 il usiinstrates vhen) the kinglginoshsynehraneus BiiMis sicepssedchiothdifitgt host 34er the esent
di scl osure, whergin figst |ocal..cloc L ng cell is fed.a first. clock
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second clock signal 70 and a control signal fromthe second host /2. The
control si grianchrpronsaRAM 82. Hakewise wherstheclinsbhosi34t is ackessing the tsingleopéat

signal 64 and t;he conir i gpal fromthe.secqpd. host 72 synchronous to the
second cl oclfmﬁbro@"ﬁngﬁ&aﬁé &13131 tﬁlgssr?g%?‘f\pﬁetyggrlﬁrﬂl?th@@? %cs&'fg&le&? k
gating cell chrafshsRAND 32 and @6PEE1d i9¢eea@al i Ng cel | 68 to gate 74, and the
output from 74 is provided to RAM clock 50. The control signal fromthe

first host d ¢h 0 ' r 4/ 092966 PCT/ US2004/ 011375
6 the seg:ong_9 R%g;t fpﬁﬁ%ﬁﬂﬁ%é}l&ﬁ)g@%&ﬂéhg?ﬂ&u%cﬁ%ggm&cﬁ@%?éw% fhe
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control signal fromthe first_
hosts will not access the single-port synchronous RAM 52 at the same time. The clock
switching unit 44 controls the RAM clock 50 so that the RAM clock 50 switches

between the first clock 36 and the second clock 42, based on the signals from the first

host 34 and the second host 40. Only one host is allowed access to the single-port
synchronous RAM 52 to communicate with one host's address bus, data bus, and RAM
control signals. The RAM access signals selection module 54 makes its decisions based
on the corresponding host's requests. The access times of the two hosts are not

overlapped since only one host accesses the single-port synchronous RAM 52 at a time.

[0026] Therefore, disclosed is a virtnal dual-port synchronous RAM architecture
which utilizes minimum hardware and therefore has reduced costs when compared to a
dual-port RAM architecture. In addition, the virtual dual-port synchronous RAM

architecture disclosed herein conserves battery power and therefore extends battery life.

[0027] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the present disclosure. The various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without the use of the

inventive faculty. Thus, the present disclosure is not intended to be limited to the



host, 66 would be on, or would be a 1, while the control signal fromthe
second host 72 would be off, or would be a 0. [0024] This is further
illustrat i i 5, wherein the timng diagram44 ill n the
si ngl e- por 0329?1{9%%% RAM i s accessed by the first hostﬂ@%’%§(ﬁ®ﬁye¥a§second
host 36. As shown in Fig. 5, when the second host 36 is accessing the
singl e- port synchronous RAM 52, then the first host 34 is not accessing the
singl e-port synchronous RAM 52. Likew se, when the first host 34 is

accessi ng t hemsodimknts shown hesei; fub isotesbeRebisizd thdrenleshecope condstémistittBthei s
not accessing.the single-port synchropnous RAM 52, and this cycle is
repeated. [ Ogﬁfpﬁ?%a@%@WF%f’W ‘%‘ifiﬂs-e‘gg?r?msynchr onous RAM architecture

di scl osed herein, the conmunications between the first host 34 and the
second host BBIATAS CAAIMEIIS: t he two hosts will not access the single-port
synchronous RAM 52 at the same tinme. The clock swtching unit 44 controls
the RAM cl ock 50 so that the RAM cl ock 50 switches between the first clock
36 and the second clock 42, based on the signals fromthe first host 34 and
t he second host 40. Only one host is allowed access to the single-port
synchronous RAM 52 to comunicate with one host's address bus, data bus, and
RAM control signals. The RAM access signals selection nodule 54 nakes its
deci sions based on the corresponding host's requests. The access tinmes of
the two hosts are not overl apped since only one host accesses the

si ngl e-port synchronous RAM 52 at a tinme. [0026] Therefore, disclosed is a
virtual dual -port synchronous RAM architecture which utilizes m ni num

har dwar e and t herefore has reduced costs when conpared to a dual -port RAM
architecture. In addition, the virtual dual-port synchronous RAM
architecture disclosed herein conserves battery power and therefore extends
battery life. [0027] The previous description of the disclosure is provided
to enabl e any person skilled in the art to make or use the present

di scl osure. The various nodifications to these enbodinents will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other enbodi nents wi thout the use of the



I nventive faculty. Thus, the present disclosure is not intended to be
Iimted to the WO 2004/ 092966 PCT/ US2004/011375 7 enbodi nents shown herein,

but is to %ﬁgﬁ@jzgﬁ%d the wi dest scope consistent with t%&ﬁ&g@gﬂégﬁs and

novel features disclosed herein. WHAT kS CLAIMED | S: WO

PCT/ US2004/ 011375 S CLAIMS 1. A read/wite nmenory device, conprising: a
clock switching neans for switching between a first clock signal and a
second clock signal; a single-port randbdess nenory (RAM nodul e for
storing data; and a random access nenory (RAM clock for synchronizing the

clock signals with the &BM 8 ﬁgﬁ% nmodul e. 2. The read/wite
menory devi ce of ¢l ai nﬁﬁ urf%ﬁ%@rﬁ%ﬁ%i%ﬁﬁj medns to accept signals froma
first host and a second host clockeswitchijgaineans fdrushivinchih) detvéent a cirerc losk gnal

and the second ¢l ock sigdr; | .. 3. The read/wite nmenory device of claim 2,
wherein the qnG Hsege g]f’k?g@ﬂals further conprises a first host and a

second host, the first host b rPrahd Eb i . _havi ng
a second cl ock, the signal & Q%%IFE& ng ?%%Ldf%rsgs) C %@m%%ﬁglgﬁgp?@én%econd
cl ock signaldatéd andhe read/wite nenory device of claim?2, further

conprising: an address and data bus conponent. 5. The read/w.ite nmenory
device of claim2, further &5R9PMspeegss mepony (BAM) glosk for|syrchreniziag thonent

for control lfg &he1sSeiffle'rifiom access memory (RAM) module.

2. The read/write memory device of claim 1, further comprising:
means {o accept signals from a first host and a second host, the
signals including the first clock signal and the second clock signal.

3. The read/write memory device of claim 2, wherein the means to accept
signals further comprises a first host and a second host, the first host having a first clock
and the second host having a second clock, the signals including the first clock signal
and the second clock signal.

4, The read/write memory device of claim 2, further comprising:

an address and data bus component.

5. The read/write memory device of claim 2, further comprising:
a control signal selection component for controlling the selection

of the signals from the first host and the second host to the random access memory

(RAM) module.

6. The read/write memory device of claim 2, wherein:
the clock switching means further comprises a clock switching
unit with a first local clock gating cell to control the first clock signal and a control
signal from the first host, and a second local clock gating cell for controlling the second
clock signal and a control signal from the second host.

7. The read/write memory device of claim 6, further comprising:
a random access memory (RAM) clock for accepting the signals
from the first local clock gating cell and the second local clock gating cell.



of the signals fromthe first host and the second host to the random access
nenory  (RAM nodule. 6. The read/wite nmenory device of claim 2, wherein:
the cl oc ] | means further conprises a clock sw i iLeWith a
first Ioégﬁ%é4g@kﬁgati ng cell to contgol the first cl octlg%?{%%%q“%ginszsa
control signal fromthe first host, and a second |ocal clock gating cell
for controlling the second «clock signal and a control signal fromthe
second host. 7. 8The rBwdead/write memorydettisgiofelagh 7ciwherei®@, further conpri sing:

a random access nenory ( cl ogck.f,0r ting.the, signal fromthe first
| ocal clock gating cell Eﬁﬁ%ﬁ@uﬁggﬁwﬂ%@goc&lg&g R h%gsq}éﬁpprt\,{ﬁl&om

2004/ 09296 Gyoléed ndnnf?y 3 Sdul®fo? stohing dagad/ write nmenory device of claim?7,
wherein: the output of the RAMclock is fed into the single-port random

access nenory (RAM nodule for storing data. 9. A read/wite nmenory system
conprising: a fi%st HyzeadaydteanemaySustemseOmMsNg i rst host having a first

clock generating a first clko i anal econd, host havi econd
clock generating a secon_cf1 }é{siingsstsq%gnaa'fe;%&gd @F%tﬁ‘ecﬁﬁsﬁ?ﬁ?%’mm ﬁ%hf?%‘?ék

bet ween t hegehbrafihg &!fStkciodiosighal And théSecof® Ot hatin@C setofid dlock %eﬁérﬁlﬂigea port
random access nenory (RAM nodule for storing data; and a RAM cl ock for

synchr oni zissgondrmloaki signal;si gnal s with the random access nenory (RAM) nodul e.

10. The read/wite nmenory devi,ce . | aj.m. Q. furthe I si ng:, a .control
si gnal sel ection corrponenta"ﬁ%‘f‘k %vgﬁ{hrfg{ ?WM%%‘%’E%@FW‘O& sighal dnd the
second clock signal;

a single-port random access memory (RAM) module for storing
data; and

a RAM clock for synchronizing the clock signals with the random
access memory (RAM) module.

10.  The read/write memory device of claim 9, further comprising:
a control signal selection component for controliing the selection

of the signals from the first host and the second host to the random access memory
(RAM) module.

11.  The read/write memory device of claim 9, wherein:
the clock switching means further comprises a clock switching
unit with a first local clock gating cell to control the first clock signal and a control
signal from the first host, and a second local clock gating cell for controlling the second
clock signal and a control signal from the second host. '

12. A method for storing and recalling data in a memory device, comprising

the steps of:

generating a first clock signal and a second clock signal;

providing a first host and the second host, wherein the first host
includes a first clock that generates the first clock signal, and the second host includes a
second clock generating the second clock signal;

switching between the first clock signal and the second clock
signal;

allowing either the first clock signal or the second clock signal
access to a single-port random access memory (RAM) module; and

| storing and recalling the stored data from the random access

memory (RAM) module.



of the signals fromthe first host and the second host to the random access
menmaory  (RAM nodule. 11. The read/wite nmenory device of claim9, wherein:
.the clock switching neans further conprises a clock switching unit with a

first qu@bzgd4fb§f96gati ng cell to control the first clockcsiuspas/oand a
control signal fromthe first host, and a second | ocal clock gating cell

for controlling the second «clock signal and a control signal fromthe
second host. 12. A nethod for storing and recalling data in a nenory device,
conprising the-steps of. generating a first clock signal and a second cl ock
signal; providing a first host and the second host, wherein the first host
includes a first clock that generates the first clock signal, and the second
host includes a second clock generating the second clock signal; swtching
between the first clock signal and the second clock signal; allow ng either
the first clock signal or the second clock signal access to a single-port
random access nenory (RAM nodul e; and storing and recalling the stored data

fromthe randomj gcce%exﬂaﬁwafa ff&‘ﬁﬂa‘r%on?\@s 56
PCT/ US2004/ 01137 10 13. The net ho "of cl ai furt er conprising the

step of: controll | ng t he wh@oﬂingrthmel@hens’fﬂmﬁhgnaﬂsfrmthe firsthost dndsthe and
the second host r#s ndom access WH‘%W nodul e. 14. The net hod of
claim13, f5¢f Stctﬂ G 3RS Sremesy ing the first clock signal
and a control signal fromthe first host; and
|4,  The method of claim 13, further comprising the steps of;
controlling the first clock signal and a control signal from the first
host; and
conirolling the second clock signal and a control signal from the

second host.

5.  The method of claim 1Y%, wherein the first clock signal and the second

clock signal are input fo a random access memory (RAM) clock.

o+  The method of claim 15, further comprising the step of:
feeding the output of the random access memory (RAM) clock
into the single port random access memory (RAM) module. |

17. A method for storing and recalling data in a memory device, comprising
the steps of:
switching between a first clock signal and a second clock signal;
providing a first host and the second host, wherein the first host
includes a first clock that generates the first clock signal, and the second host includes a
second clock generating the second clock signal;
storing data in a single port random access memory (RAM)

module; and
synchronizing the clock signals with the random access memory

(RAM) module.

18.  The method of claim 17, further comprising the step of:



controlling the second clock signal and a control signal fromthe second
‘host. 15. The nethod of claim 14, wherein the first clock signal and the
second j | are input to a random access nenor ﬁ@ﬁﬁ04 Lpsk. 16 .
The neth&&BgﬁM%?%%§115, further conprj;sing the step of.¥$gé |ngﬁ% e out put
of the random access nenory (RAM clock into the single port random access

menory (RAM nodule. 17. A nmethod for storing and recalling data in a nmenory
device, conprising the stoepb'oltﬁﬁlgtbﬁ/\ﬁeﬂf@hmgfgmﬂm Eom thetfirgt| hogkandi thmal and
a second cl ock .5i gnal ; roviding a fir { d the second host, wherein
the first ﬁggFMiFﬁE?dh%ggngﬁpg?g8F8§§y@%%&63@%§¢%tes the first clock

signal, and the second host includes a second clock generating the second
clock signal; sygri ngriéahéhbd ofclain 8, Fufiedr comprici@mtincsigssofmenory ( RAM
modul e; and synchroni zing the clock signals wth the random access nmenory
(RAM nodul e.” 18. The net mﬂoﬂmgnlmhﬁsgqlpckﬂgma&@adeM@mlfrn@tbeﬁzstof: VO
2004/09296qpfcgh S2004/ 011375 11 controlling the selection of the signals
fromthe filSp st and the second host to the random access nenory (RAM
nodul e. 1g. The method of @h&blingGhe é&bﬁ@erocm@ai idg chitfol Sigtlbfroih: the
controlling the first clock signal and a control signal fromthe first

host; and ceesnddiost.ng t he second clock signal and a control signal fromthe
second host.



