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Background of the Invention 5 1. Field of the Invention-The invention-
related to the field of menory controlllers, and in particular, to a nenory
controller that can be.programmed w th various address configurations for
different nenory devices. 2. Statenent of the Problem 10 A nenory _
control l er provides a systemwi-th access to nenory devices. For - exanple, a -
menory controller provides the interface between a conputer processor and

a Dynam ¢ Random Access Menory (DRAM. The nenory controller translates
control signals and addresses that pass between the system and the nenory

devices. Menory controllers also buffer data during data transfers between
the 1s syst MEMARY GONWRRLYERWITHEEROBRANMARYECDDRELISCCONFESURATION
address configuration and a nmenory configuration to translate system
addresses into nenory addresses and nenory device sel ections..
Unfortunately, different nmenory devices have different address
configurations, and different nBmkyreayst efthdiaventiohf er ent nenory
configurations. 20 Thus, the menory controller nust be designed to use the

sane addr ess?. Raifdf ¢he meosorand t he same nenory configuration as the nenory
devices. This requires that the specific nmenory devices for a nenory

systenshe sel ect athednvarion isysihtemte g wd\_ﬂh_ﬁ{énﬁdryicénﬁ&];?fré,%htin bartRLR £
the future availability and price of specific menory devices. T
a memory controller that can be programmed with various address configurations for

different memory devices.

2. Statement of the Problem
10 A memory controller prbvides a system with access to memory devices. For
example, a memory contrq!ier‘ provides the interface between a computer processor
and a Dynamic Random Access Memory (DRAM). The memoty controller translates
control signals and addresses that pass between the system and the memory
devices. Memory controllers also buffér data during data transférs between the
15 system and the memory devices.
The memory controller uses an address configuration and a memory
configuration 1o transiate system addresses info memory addresses and memory
~ device selections. Unfortunately, different memory devices have different address
conﬁguraﬁons, and different memory systems have different memory configurations.
20 Thus, the memory controiler must be designed to use the same address
- configuration and the same memory configuration as the memory devices. This
requires that the specific memory devices for a memory system bé selected during
system design when it is difficult to predict the future availability and price of specific

memory devices.



"1 6 JUN 2005 2 In addition, nmany different types of nenory contr @ 3’
needed to service the many different tépes of nmenory devices. Mi t|§p§
different nenory controllers add conpléxity to nmenory system design. The
current 'situation also prevents the efficient nmass production of a single
type of nenory controller. 5 Sunmary -of the-Solution The invention-solves

t he above problens with a nmenory control ler that uses a progranmabl e

address configuration and ménory configuration to convert system addresses
into menory addresses and nenory device sel ections. Advantageously, 10 the
menory controller does not need to be designed specifically for a given
menory device or systeq1because the nmenory control |l er can be subsequently
programmed with tReadsitipne swnysliffargnirigpesoot mémbhyeconebBsisefe MREBEY 8RS
and with the nenory configuration of the selected nenory system Address
confi gur at i onthegRandifferapt %@@ﬁfdf quenairy devipeQoMaBle GfeeaY rendl @bntrSfers
menory controller is designed and 15 manufactured. The nenory controller

conprises a prébeempanitcto memohesstam dpbigd. Tae cAHERESHIaGHS alsolrévertBthe
programuabl e interface is configured to receive configuration signals into

the menory cotfficientineass prodoetidnng sosisgh 8gjeast @Qﬂb@%ggﬁﬁ'éﬂ guration. The
r

address circuitry is configured to process system a esses based on the
sel ectesl 20 address configuration to generate nmenory addresses. |In sone
exanples of the invention, the configuration signals also indicate a

B 0cess the. Syst om addr eeses basea mnry M ESARIGE oY | Sonti gurati on fo
generate nmenory dend kReRRIESIVEY e above problems with a memory controller that uses a
programmable address configuration and memory configuration io convert system
addresses into memory addresses and memory device selections. Advantageously,
10 the memory controller does not need to be designed specifically for a gfven memory
device or system because the memory controller can be subsequently progranmmed
with the address configuration of the selected memory devices and with the memory '.
configuration of the selected memory system. Address configuration and memory
configuration programming occurs after the memory controller is designed and
15 manufactured. |
The memory controller comprises a brogrammable interface coupled to
address circuitry. The programmable interface is configured to receive configuration
signals into the memory controller indicating a selected address conﬁguration. The
address circuitry is configured to process system addre.sses based on the selected
20 address configuration to generate memory addrese;es. In some examples of the
' invgntion, the configuration signals also indicate a selected memory configuration,

and the address circuitry is configured to process the system addresses based on

the selected memory configuration to generate memory device selections.

Description of the Drawings
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25 Description of the Drawings 1 6 JUN 2005 3 FIG 1 is a block T@gjlﬂ‘r&n
WUl 2805

that illustrates a nenory controller in an exanple of the inventi

2is aflowdiagramthat illustrates ménory controller configuration in an
exanpl e of the invention. FIG 3 is a flowdiagramthat illustrates nenory
controller-operation in an exanpte of the invention. FIG -4 is a flow
diagramthat illustrates nenory system manufacturing in an exanple of the
invention. FIG 5 is a block diagramthat illustrates DRAM nenory
controller circuitry in 10 an exanple of the . invention. FIG 6 is a block
diagramthat illustrates device selection circuitry of a DRAM nenory

controller in an exanple of the invention. Detailed Description of the

Invention 15 Menpi®. £ bk agramfth&Sidstédidd Shends Vc\:ngffiﬁélfe:r] g?gl? %ggh@ilec of

exanple of a nmenory controller and systemin accor
i nvention. ThRs@wskiidd.ed in the art will appreciate nunerous variations
fromthis exanple that do not depart fromthe scope of the invention.

Th Killed i to W b ' ' f eat )
descri bed bel ow 26 ccard ey SR R R b B e o TR m an
mul tiple var iei‘-étinPfésonﬁe ;nlg,ﬁ..gicm{ent ion. FIG | is a block diagramthat

er.

illustrates menmory contro 110 in an exanple of the invention. Menory
systemgl05 conpr ' RS 3108 AT BEY RO Hlat Aubhites %)erggr?f controller operation in an

example of the invention.
FIG. 4 is a flow diagram that illustrates memory system manufacturing inan
example of the invention.
F1G. § is a block diagram that illustrates DRAM memory controller circuitry in
10 an example of the invention.
FIG.6isa block diagram that illtfstrates device selection circuitry ofé DRAM

memory controller in an example of the invention.

Detailed Description of the Invention

15 Memory Controller — FIGS. 1-4

FIGS. 1-4 depict a specific examplé of a memory controller and system in
accord with the present invention. Those skilled in the art will appreciate numerous
variations from this example that do not depart from the scope of the invention.
Those skilled in the art will also appreciate that various features described below

20 could be combined with other embodiments to form multiple variations of the
invention.
FiG. 1 s a block diagram that illustrates memory controller 110 in an example
of the invention. Memory system 105 comprises the memory controller 110 and

memory devices 121-123 that are coupled together in a conventional manner.

I
15

- Memory controller 110 comprises data circuitry 111, control circuitry 112, address



menory devices 121-123 that are coupled together in a conventionﬁl Uﬁﬂ?er'
25 Menory controller 110 conprises data circuitry 111, control cir@ QME
112, address 1 6 JUN 2005 4 circuitry ¥13, and progranmable interface 114.
Menmory controller 110 exchanges data 101 between system 100 and nenory
devices 121-123. Those skilled in the art.wll appreciate that sone
conventional ~aspects of nenory system 105 and nenory controller 110 have
been sinplified or omitted for clarity. 5 To wite data, system 100
transfers data 101, systemcontrol signals 102, and system-address 103 to
menory controller 110. Systemcontrol signals 102 indicate the wite
operation. System address 103 indicates the desired location within nenory

ope! _ ! desi 1 |
evi ces 121 1adukfy M BRdRGrahlon CRbRle £14 WLRDH, IARAIECRIYERIRBEET

control signals 102, and in Tesponse, genéra
115. Control its GHH bbdydehleysieSbe" CANLTOh, S1-0nal s 115 Lo, menory
devi ces 121-123. Address CI)}I’SC(%P'[ Ib;e/ @?gﬁgﬁééﬁ C\i/ees tssdl%gt?%ggﬂﬁ rsgssi(ﬁ!f&!f,} r{:rli%d I n
response, gengf@He : r . Dry.device sel ection signals
117 according to SEP[ | ﬁgé%%%r@%é%ﬁg%qﬁgﬁg? é&@eﬁ?fﬂ SYS %’I’rﬁt‘gar{ffr cuitry
113 transfer r nd ne devige selection is signals
117 to nenor ?%ﬁ%gﬁgﬁg%rﬁ?éiﬁL%al?eaencﬁimgﬁtf%ﬁr?; opyiged E{r&f and transfers
data 101 from sys 0 nor Vi ces 1-123. Menor ontrol signals
115 i ndsi1 cate the ﬁv.\(/? ﬂné&gs{% 3?%8“', 'Y%g&@ﬁ?/e'ﬁééfaeé‘i » SYgigM ?R!%’E’i?@é‘alsnto%l@@ﬂr ed
| ocation for _data 101 within a selected one of the nenory devices 121-123.
Menory devi c& SENEIASST Jdnemenycomilient 10. 1 Pyster ceptrelsigngls 302 alivataor v
devices 121-123 to wite data 101. Menory devices 121-123 wite data 101
to internal YOH§ OPRration systern gddwmss P delieates thei dasited locegion methi y
address 116, , '
memory devices 121-123 o write data 101.
Contro! circuitry 112 receives system control signals 102, and in response,
10 generates memory control signals 115. Control circuitry 112 transfers memory
control signals 115 to memory devices 121-123. Address circuitry 113 receives
system address 103, and in response, generates memory address 116 and memory
device selection signals 117 according to settings in programmable interface 114.
Address circuitry 113 transfers memory address 116 and memory device selection
15 signals 117 to memory devices 121-123. Data circuitry 111 receives and transfers
' ~ data 101 from system 100 to memory devices 121-123,
Memory conirol signals 115 indicate the write operation. Memory address
116 indicates the desired location for data 101 within a selected one of the memory
devices 121-123. Memory device selection signals 117 indicate the selected one of
20 memory devices 121-123 to write data 101. Memory devices 121-123 ﬁrite data 101
to internal memory in response fo memory control signals 115, memory address 116,
and memory device selection signals 117.

To read data, system 100 transfers system control signals 102 and system

address 103 to memory controller 110. System control signals 102 now indicate the



and nenory device selection signals 117. To read data, systen110? %hﬁgffﬁ&s
systemcontrol signals 102 and system address 103 to nenory control 2003
110. Systemcontrol signals 102 now indicate the 1 6 JUN 2005 5 read
operation. System address 103 indicates the | ocation within nenory devices
121-123 to read. data 101. Control circuitry.112 receives system control-
signal s 102, and i.n response, generates nenory control -signals 115.

Control circuitry 112 transfers nmenory 5 control signals 115 to nmenory: .
devices 121-123. Address circuitry 113 receives system address 103, and in
response, generates nenory address 116 and nenory device selection signals
117 according to settings in programmable interface 114. Address circuitry

113 transf er s reminspeyativid rRsterh badrnd 1@%3@&%&@@%&0&%@%@9%erﬁ&%’l?elv?cl 17

to menory devices 121-123. Data circuitry 111 receives and transfers

data 101 fromizeres b deMides 18421- 123 to system 100. ‘Menory control signals
115 indicate the read operation. Menory address 116 indicates the |ocation

of data 101 w t hi icdhie) 5@&‘?@# ¢ pne. At S}{Q@gﬁ;ﬁm}%{a%@%fé’c@? gﬁéﬂh ’Jr?é??BPfl\/Fgmr y

device sel ection signals 1 i ndicate the recte
From i nt or nal S e Y Lot kiR oM ety 1R b S Bls Mty
memory devi cS IO R § LoD e U To T e i iy 1] e
nto memory ufeRtao TR, sH8 T inaRse eneteies Moy 2oRGRS a1 oreswms R0y
Sg\eliscgs 121- E!é\%t:e Eglegtiéjni s%};ﬁerl]g t1 19%\(/:33%%5 tg s%?ti%ggrirg brog?ann?%%bﬁaoig’zerrf%lcla%rm.l10
Address circuitry 113 transfers memory address 116 and memory device selection
signals 117 to memory devices 121-123. Data circuitry 111 receives and transfers
10 data 101 from memory devices 121-123 to system 100.
Memory control signals 115 indicate the read operation. Memory address 116
indicates the location of data 101 within the selected on;: é_f the memory devices
| 121-123. Memory device selection signals 117 indicate :the selected one of the
memory devices 121-123 to read data 101. Memory de\:rfces 121-123 read data 101
15 from intemal memory in response to memory control signals 115, memory address
116, and memory device selection signals 117. |
The addresses for memory devices 121-123 have a forrﬁat that is referred to
as an address configuration. Thus, me-mory controlfer 110 converts system address
103 into rpemory address 116 based on the address configuration of mc;,mory
20 devices 121-123. In a distinct advance in the art, memory controller 110 uses a
programmable address configuration for this conversion.r Advantageously, memory
controller 110 does not need to be designed specifically for memory devices 121-‘123

because memory controller 110 can be subsequently programmed with the address

- configuration for memory devices 121-123. Address configuration programming may



programmabl e address configuration for this conversion. Advant agfﬁuﬁbﬁlé
menory controller 110 does not need to be designed specifically fo gr@ﬁy

devices 121-123 because nenory controlél er 110 can be subsequently
programmed with the address configuration for nenory devices 121-123.
Address configuration progranmrng - nmay -1 6 JUN 2006 6 occur after nenory
controll er 110 is-designed-and manufactured, and after nenory devices
121-123 are selected. A nenory configuration is used to select a menory
device when nmultiple nenory devices 121-123 are connected to nenory. -
controller 110. Menory s-controller--converts system address 103 into nenory
devi ce selection signals 117 based on the nmenory configuration of nmenory

o) Ces 121 0t i RNk 05K SR Ca0EEL Y U b P

di stinct advance in the art, nmenory cont

menory confiQur.aLtiign_{-ar i ver si on. Advant ageously, menory controller
110 does not n&%?g 1&? F'(':r'rt%g é:? specifically for. 10 nenory devices 121-123

b I ] . t | . d with th

memory cont | gur atiTBe ParCorBr s edt RIS E m el ST HRER e or

renor y devi By Helos® 108 B B baRecket B mgmaRy oGP dof MATREY 110,

programabl e itntlerface 14 recei ées ég .configuration signal 119 that

i ndi cat es t AMQUPLEOEr RYSIRIR addioes J0P 4wt sReTRery davigesielectigRsign@si 16n f or
to programmabl e

menory devigces 121--123. Address circuitry 113 is coupled
i nterface 18@FedRibihedRemopLeRiopration of mereeyslevieps 18ih 1@ddnsseonvedtionaised on

t he sel ected address confjquration todcgé_nerate menory address 116. |f
pr ogr amabl VGR legcontroksigaaldlBe dn a disfinctadManga imthecart, shematy dot@rolier

I ndicating a
110 uses a programmable memory configuration for this conversion.
Advantageously, memory controiler 110 does not need to be created specifically for
10 memory devices 1 21-123 because memory controller 110 can be subsequently
programmed with the memory configuration for memory devices 121-123. Memory
configuration programming may occur after memory controller 110 is designed and
after memory devices 121-123 are selected.
To program memory controller 110, programmable interface 114 receives
15 configuration signal 119 that indicates the selected address configuration and
‘memory configuration for memory devices 121-123. Address circuitry 113 is coupled
to programmable interface 114. Address circuitry 113 processes system address
103 based on the selected address configuration to generate memory address 116.
If programmable interface 114 rebeives a new configuration signal 119 indicating a
20 new address conﬁguration, then address circuitry 113 processes system address
103 based on the new address configuration to generate new memory address 116.
Address circuitry 113 also processes system address 103 and control signal 118
based on the selected memory configuration to generaie mermory device selection

~signals 117. If programmabie interface 114 receives a new configuration signal 119

5 indicating a new memory configuration, then address circuitry 113 processes sysiem



20 new address configuration, then address circuitry 113 proceSSﬁg ?%Et
address 103 based on the new address configuration to generate W rrzlwyﬁ
address 116. Address circuitry 113 al §o processes system address 103 and
control signal -118 based on the selected nmenory configuration to generate
menory device selection signals 117. If progranmabl e interface 114 .
receives a new configuration-signal 119 s indicating a new nenory -
configuration, then address circuitry 113 processes system1l 6 JUN 2005 7
address 103 and control signal 118 based on the new nenory configuration to
generate new nenory device selection signals 117. FIG 2 is a flow diagram
that illustrates mem)rg controller 110 configuration in an exanple of the
i nvention. For 3PHiESS 403 @8 reogtieltignah 1 18baped os tnd naw heimdrkQoRng@egby s and
stores a confi Sur ation signal indicating a selected address configuration
and a sel ect ed9fRAfBIE @V MY devioa seldetimr sigesistnpl | er 110 can' be
re-configured at any tine with a new configuration signal that it stores.

| f menory control | dG120s aflewaiaganaihgt BLaF88s & ' ' i gpal .
i ndi cating a new address configuration, then enor ggﬁt@%}"ﬁg@b%@%@%” n

processes t he ayexampladithessemibas For inkik) @Bnﬁd‘u‘?aﬂb%wﬁéﬁi%,?%énﬁ@[g !18§r ation
er [ eCei

to generate new nenory addresses. |If nenory “contro S a new

confi gur &t i on re¢ejvesd anchstbresta ChfyuRsivn SRl Mdﬁ%ﬂﬁ%g%regéﬁ;itﬁ%dé{g% ! tion

controller 110 processes the system addresses bas
configurationandawwalmeﬁmfa@,wuy Vi | ONS |G, 3is a flow
diagramthat illustrates menory cont?%’er%?g%ﬁgpgﬁ %ﬁ?‘% Benre-eoniigiuses| e
of the invent abany tBEWith L8 £ 0.: | yes syst addresses. Menory
control l er 110 processes the sysftggjrrrﬁﬂ*tz]:iloél'I r'é'gaggl‘a\{@é@'éso Tp¢recygasdioler 110

add ess. cont | asRbé 8 SrBSHT R GBI SLALRIESing S oM actimty O 7 110

configuration, then memory controller 110 processes the system addresseslbased
10 on the new address configuration to generate new memory addresses. If memory
controller 110 receives a new configuration signal indicating a ﬁew memory
configuration, then memory controller 110 processes the system addr;sses based
on the new memory configuration to generate new memory device seléctio.ns.

FIG. 3 is a flow kdiagram that illustrates memory controller 110 c;peration inan

15 example of the invention. Memory controlier 110 receives system addresses.
| Memory controller 110 processes the system addresses based on thelselected
address configuration to generate memory addresses. Memory controller 110
| processes the system addresses based on the selecfed memory configuration to
generate memory device selections. Memory controller 110 transfers the memory
20

addresses and the memory device selections 1o the memory devices.
FIG. 4 is a flow diagram that illustrates memory system 105 mai-’:ufacturing in
an example of the invention. First, select a programmable memory controller and
- memory devices to form a selected memory system. Second, integrate the selected
programmable memory controller and the selected memory devices within circuitry to

form the selectgd memory system. The programmable memory controller can



processes the system addresses based on the sel ected nenory con{ wg#mt bffﬂ%
to generate nenory device selections. Menory controller 110 trarfs S e
menory 20 addresses and the nmenory devigke sel ections to the nmenory devi ces.
FIG 4 is a flowdiagramthat illustrates nenory system 105 manufacturing
in an exanple of the i'nvention. First, select a programuabl e nmenory ‘
controller and nenory devices to. foerma selected nenory system Second,
integrate the selected programmable nenory controller and the sel ected
menory devices within circuitry to 25 formthe sel ected nenory system The
progranmmabl e menory controller can 1 6 JUN 2005 8 process system addresses
based on various address configurations to generate nenory addresses. The
progr ammabl e Ve - Fololc) e m.addr esses based
PTBERYSYs e RN BQHleREeS B 519\185(?% %@rrr%% conﬁé@%a NS0 PIETAR.  The

on various nmenory configurations to genera y

sel ected ne V. e 19 ri address 5 configuratij.ons,
and the sel eaaybfadessss TR Buem el B EHEIETTBIE Pardigpoteds 2
configuratio | t he sel ected progra bl e menory controller
to use " the. %3%?@?%‘5"38%%3?%9%@0%?%0:?ﬁ%e@enpef@ﬂﬁgur A gﬁ«lﬁé@%ﬁam he
Cont o1 1 o CPPUGE e EhHhss. The SSiefiEs Mamanaisyicet Laosped i ariovmpidress
circuitry for controller in, accord with the present invention.
Those skil | eam?fw"f%@ngr #nd, e selefied mepy systerbuEes Qngrofibe yaROUS mRMORY s
exanpl e that dg. not. depart .fromthe scope of the invention. Those skilled
in the art wiT fgaraé@napﬁlhgei Rregram e selertsd procrammable aeswry bentraller tnwuds

coul d be combined with gother enbodinments to formnultiple variations of the
i nventi on. e address configuration of the selected memory devices and the memory

configuration of the selected memory system.

10 DRAM Memory Controller Circuitry — FIGS. 5-8

FIGS. 5-6 depict a specific example of circuitry foré DRAM controller in
accord with the present invention. Those skilled in the art will appreciate numerous
variations from this example that do not depart from the scope of the invention.
Those skilled in the art will also appreciate that various features described below

15 couid be combined with other embodiments to form multiple variations of the
invention. |
A DRAM has banks of arrays that are comprised of columns and rows. The
DRAM address must indicate the proper ban_k, row, and column for accurate read
| and write operations. Diﬁerént DRAMs have different address configurations. For
20 example, DRAM "A" might require 13 bits to identify a column and DRAM "B" might
| require 15 bits to identify a column. Thus, the DRAM controller must use the specific
address configuration of the specific DRAM to function effectively.
FIG. 5is g block diagram that ilustrates address circuitry 513 and

programmable interface 514 for a DRAM controlier in an example of the invention.

[aed
w

Programmable interface 514 receives configuration signal 519. Address circuitry



A DRAM has banks of arrays that are conprised of colums and rOV\g. m 005
DRAM address nust indicate the proper bank, row, and columm for cﬁc «2.

read and wite operations. D fferent DRAMs have different address
configurations. For 20 exanple, DRAM"A" mght require 13 bits to identify
a colum and DRAM"B" mght -require 15 bits to identify a columm. Thus,
the DRAM controller nust use the specific address configuration of the
specific DRAM to function effectively. FIG 5 is a block diagramthat
illustrates address circuitry 513 and progranmable interface 514 for a
DRAM controlter in an exanple of the invention. 25 Programmuable interface
514 receives configuration signal 519. Address circuitry 1 6 JUN 2005 9 513

recei ves systii®radeivessysiQa saidebssB03 skl @b OBcHIONGhalB18: (P BeReli@st i on
signal 518 is a conventional signal in nenory controller circuitry. Address

circuitry Skt 508 sesormmitional e msmeRBnPas ROl iILeRN. JHRLELm & IigPal
519 to generate DRAM address 516. Address circuitry 513Nal o) procléss!gg

N dd : . . : .
STonal 518 (o generate: DA o oot o aRARRyaNel R P P ASFRRL
519 indi cat eEW_a@QFHF@%%GC%E%%L@IgHR gé%ra}égg??g%ﬁee tegtegaDaR@%%ég 3l he

menory configuration for the se r

Co L bR S A e
ronor s dovi CERARRIES S 0 G M he. number of col urm address bits i s
nunber of _col um address

bi'ts i s added t o IEHAERRAR b I P inale srtiess FRato dattiara ne eisied nput

toab a.nk a%ﬁﬁd@ a%he memory configuration for the selected memory syétem. The
address configuration identifies the number of bits that specify the column (# COL),

10 row (# ROW), and bank #BANK) in the DRAM address. The memory configuration

identifies the total number of address bits used in DRAM memory device selection (#
DEVICE). The number of column address bits is the selection input to 2 row address“
mux. The number of column address bits is added to the number of row address bits.
and is the selection input to a bank address mux.

15 | The sum of column and row address bits is added to the number of bank
address bits and is the selection input to a device selection mux. The device
selection mux provides resulting device address bits 521 to device selection circuitry
530. Device selection rcircuitry 530 combines chip selection signal 5.18 with device
address bits 521 based on the number of device bits 520 to produce device selection

20 signals 517. An example of device selection circuitry 530 is described further below
with respect to FIG. 6.
System address 503 s logically parsed into bit groups that form inputs to the
muxes. To select the particular bit groups that will generate DRAM address 516, the

row mux uses the number of column bits from configuration signal 519, and the bank

25 mux uses the n_umber of column and row bits from configuration signal 519. The



15 The sum of columm and row address bits is added to the nunber Ef#ﬂ@%ﬁ
address bits and is the selection input to a device selection an 05
device selection nmux provides resultihy device address bits 521 to device
selection circuitry 530. Device selection circuitry 530 conbines chip

sel ection signal 518 with device address bits 521 based on.the nunber of
device bits 520 to produce device selection-20 signals 517. An exanpl e of
devi ce selection circuitry 530 is described further belom/mnth respect to
FIG 6. System address 503 is logically parsed into bit groups that form

i nputs to the nuxes. To select the particular bit groups that wll

generate DRAM address 516, the row nux uses the nunber of colum bits from

conf i gur at i ondeliggvalix 938s trrslirhbér dTankk, CmHSSRI_ED]
row bits fromconfiguration signal 519. The 1" 6 JUN 2'0 Ocog?%&clgHHnE@uses

the nunber of5{pmkelt®tHdWarti@nsr Etpﬁ‘fdﬁbttﬁ?tfvﬁlﬁ gfgﬁ%ié giiad L. rgggnl\als%xll

sel ect the particular bit group t rate device selectron si hal S
517. Th sk d th
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I mpl enentation.is t cal Ly I neff cient. The npunber of nux inputs and the
nunber of bi ¥R '@égﬁog?? i\ vh @%Wscfﬂr YarougdytAME. Pmpssible hibgroman

addr ess conf 3?1r atjons gﬁgort To illustrate the principle further,
consi der  t HEOPGVFISR ﬂ ganidds sserasginputsite te moReS/IO PrOVINBDRESSUM

CONFI GURATI ON éTOTAL
. programmabili ty but this implementation is typically inefficient. The number of mux

inputs and the number of bits in each bit group depend on the desired range of
10 DRAM address configurations to support. To illustrate the principle further, consider

the following DRAM address configurations.

DRAM “A" ADDRESS CONFIGURATION (TOTAL BITS)

COLUMN BITS (15) ROW BITS (14) BANK BITS (2) DEVICE BITS (1)

14-0 28-15 ' 30-29 31

For DRAM "A", system address 503 would include bits 31-0, and configuration
15 signal 519 would indicate 15, 14, a_nd 2 as the respective number of column, row,
and bank bits, and 1 as the device bits (indicating two memory devices). Bits 14-0
from system address 503 become bits 14-0 of the column address in DRAM address
516. Note that system address bit 15 becomes column address bit 15, but this is not
a problem because the DRAM ignores column address bit 15 The row address mux
20 uses the number of column bits (15) to select system address bits 28-15 to become
~ bits 13-0 of the row address in DRAM address 516. Note that system address bits

30-29 become row address bits 15—14, but this is not a problem because the DRAM
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BITS ( %1) . 41 ?%or%émlém%hgr% v&nt:p chip selection signal 518 to provide bits 1-0 of device
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selection signals 517.

DRAM "B" ADDRESS CONFIGURATION (TOTAL BITS)

COLUMN BITS (21)

ROW BITS (21)

"BANK BITS (3)

DEVICE BITS (3)

20-0

4121

4442

4745

For DRAM "B", system address 503 would include bits 47-0 in this address

configuration, and configuration signal 519 would indicate 21, 21, and 3 as the

- respective number of column, row, and bank bits, and 3 as the de\_fice bits (indicating

eight memory devices). Sits 20-0 from system address 503 become bits 20-0 of the

column address in DRAM address 516. The row address mux uses the number of

column bits (21) to select system address bits 41-21 to become bits 20-0 of the row

: _a;idress in DRAM address 516. The bank address mux uses the sum of column bits

and row bits (21+21=42) to select the system address bits 44-42 to become bits 2-0

of the bank address in DRAM address 516. The device selection mux uses the sum

~of column bits, row bits, and bank bits (21+21+3=45) to select the system address

bits 47-45 for combination with chip selection signal 518 to provide bits 7-0 of device

selection signals 517.

FIG. 6 is a block diagram thét ilustrates device selection circuitry 530 in an

example of the invention. Device selection circuitry 530 combines chip selection




44-42 DEVICE BITS (3) 47-45 For DRAM "B", system address 503 woukg cl ude
bits 47-0 in this address 10 configuration, and configuration sign 531'@5
woul d indicate 21, 21, and 3 'as the r&%pective nunber of colum, row, and
bank bits, and 3 as the device bits (indicating eight menory deV| ces).
Bits 20-0-from system address 503 beconme bits 20-0 of the colunm address
i n DRAM address 516. The row address nux uses the nunber of colum bits
(21) to select systemaddress bits 41-21 to becone bits 20-0 of the row 15
address in DRAM address 516. The bank address mux uses the sum of col um
bits and row bits (21+21=42) to select the systemaddress bits 44-42 to
becone bits 2-0 of the bank address in DRAM address 516. The device

sel ecti on nux sigrek5tthwitls davice faderdssMits Bt hast@¥h Iabi?rée 9@28 ngré?:!utcg device |
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530 conb?/nes chip sel ec?%&{gfgv%%ﬁl |ﬂg%r§£fg{ble% @%@E@%eeﬁh |"8% Qa’drgss

bits 521 basegewitsd8y ki &f el Fevielsd ctﬂﬁ%g#% ?ﬁ'r'g%z?np %ggt%%}o signals 517.

A different one of the device selection to each of
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gate inputs. Aﬂl?gates produce a 1 only if chip selection signal 518 is also a 1. The following

table illustrates the values of device address bits 521 that are required to produce a

1 from the AND gates.

10

AND GATE TAJ2A 1B [ 2B 3B | 4B

BIT 1 e I B I B

BITO 070 1[0

GATEOUTPUT [ 1 [ 1 {111 1]3

The muxes select their respective inputs to become device selection signals
517 based on device bits 520_which indicates the number of bits in the system
address that are used for mermory device selection. If device bits 520 are zero, then
15 | there is only one memory device in the system, and chip selection signal 518 is

passed directly to this memory device. If device bits 520 are one, then there are two
memory devices in the system, and outputs from AND gates 1A and 2A are
respectively passed to memory devices 1 and 2. If device bits 520 are two, then
there four memory devices in the system, and outputs from AND gates 1B, 2B, 3B,

20 and 4B are respectively passed to memory devices 1, 2, 3, and 4.



AND gates produce a 1 only if chip selection signal 518 is also%§ 3 T&ﬁ
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directly to this-nenory devi-ce. If device bits 520 are one, then there are
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5 Those skilled in the art will appreciate variations of the above-described
embodiments that fall within the scope of the invention. As a resutt, the invention is

not limited to the specific examples and illustrations discussed above, but only by the

following claims and their equivalents.



5 Those skilled in the art will appreciate variations of the

above-descri bed enbodinents that fall wthin the scope of the i%\ﬁeAUNOZﬂUS
As a result, the invention is not limted to the specific exanples and

il lustrations discussed above, but only by the following clains and their
equi valents. 1 6 JUN 2005 What is clained is: 1. A nenory controller

conpri si ng: Whatisglaimedht:e i nterface configured to receive a configuration
signal into the nenory controller indicating a sel ected address
configuration; and address circuitry coupled to the progranmable interface

and confi gured fem %ﬁﬁéueﬁﬁhﬁm%resses based on the sel ected address

configuration to genherate nenory resses; wherein the address circuitry
is configured to select bit groups fromthe system addresses based on the
sel ected address confi u.r?ﬁt'on to.generate 1the nenory addr.esses, tﬁ' The
memory. cont APRGFABMabIEnTRrACS goryited aeesie A erGIRe Yaae Hedhe

i ndi cat es a n@hef} &shtrBNBPINAIcEBIAG 0selattedhdifes s dbhfigUetRmS aflr cUi try is
further configured to process the system addresses based on the sel ected

menory configuration to generate nenory device selections. 3. The nenory

controller qf i ‘ L h, t L reui bry | configured
to receive g%%s‘%”&#“%%ﬁé@? %%t%ggflazﬁ@g%r@%ﬁa#r %I%cwﬁéﬂgéd J{Or ansfer
the nenory pastessstdn adiidiecsbaped onthe iseldctsd addresseonfigurationts ol | er
further conprising: control circuitry configured to receive system control
si gnal s i nt eNBEAGIRINGTY adsli@$s8S; er , " generate nenory control signals in
response to the system control

wherein the address circuitry is configured to select bit groups from the
system addresses based on the selected address configuration to generate

the memory addresses.

2. The memory controller of claim 1, wherein the configuration signal also
indicates a selected memory configuration and the address circuitry is further
configured to process the system addresses based on the selected memory

configuration to generate memory device selections.

3. The memory controller of claim 1, wherein the address circuitry is further
configured to receive the system addresses into the memory controller and
transfer the memory addresses from the memory controller, the memory

controller further comprising:

control circuitry configured to receive system control signals into the memory
controller, generate memory control signals in response to the system control
signals, and transfer the memory control signals from the memory controller;

and

data circuitry configured to receive data into the memory controller and

transfer the data from the memory controller.

14



signals, and transfer the menory control signals fromthe nmemory g JijnN
controller; and data circuitry configured to receive data into the neé@p@
controller and transfer the data fromthe nenory controller. 14 1 6 JUN
2005 4. The menory controller of claim1l, wherein the address circuitry is
configured to generate the nmenory addresses for a dynam c random access
menory. 5. The nenory controller of claiml, wherein the address circuitry

is configured to select row address_bits fromthe system addresses based
on a numbeft ghe@aﬁm%( cadfelesohfiadn 1 whekeiny ee%‘ﬂ‘ﬁ'&%&lﬂ?‘é’ 'Tonfiguration.

6. The nmeno : ' | | | IS
configured 'E: g“ﬁ%ﬁgg?é Egﬁiﬁg% r%@%q\gagfé?%g?Eﬁg@%ﬁ%&gggmﬁgsed on a
nunmber of coatemoryaddress bits and a nunber of row address bits in the

sel ected address -configuration. 7. The nenory controller of claim1,
wherein the programmuable interface receives the configuration signal from

out si de t he sMeABMerRR doPtroRér 8Ndlaind'§, wAEKIS R &ddréls tirvuitrpeei ves the
syst em addresses fromoutside the nenory controller. 8 A nenory

control | er configured teyselaciiovwgaddress bis ifeme tesysterpriddiesses hasefdned ve a

configurati l.gn | at o ry. C I i.ndi ' sel ected
addr ess conﬁpaﬁlegf)f%?{h'%'n#cggﬁ gﬁgﬁlc%ﬁcs%ﬁ%#l% 8%[&3(%3:’05@&{'%30 rogr ammabl e
interface and configured to process system addresses based on the sel ected
address confiquration to ] . L

6. The memory controller of claim 1, wherein the address circuitry is

configured to select bank address bits from the system addresses based on a

number of column address bits and a number of row address bits in the

selected address configuration.

7. The memory controller of claim 1, wherein the programmable interface
receives the configuration signal from outside the memory controller and the
address circuitry receives the system addresses from outside the memory

controller.
8. A memory controller comprising:

a programmable interface configured to receive a configuration signal into the

memory controller indicating a selected address configuration; and

address circuitry coupled to the programmable interface and configured to
process system addresses based on the selected address configuration to

generate memory addresses;

wherein the address circuitry is configured to select row address bits from the
~ system addresses based on a number of column address bits in the selected

-address configuration.

15



generate nmenory addresses; wherein the address circuitry is contiir%gw?‘g bo
sel ect row address bits fromthe system addresses based on a nu 2005
colum address bits in the selected address configuration. 15 1 6 JUN 2005
9. The nmenory controller of claim8, wherein the address circuitry is
configured to sel ect bank address bits fromthe system addresses based on

t he nunber &f Thelmemoguehddlebot dainm8, wheteihére addressvchigdiigds bits in the

sel ected address caonfiguratian, (10. A.method of erati r
control | er, °PH %8?‘%3‘9‘%8%?&??\ ﬁsﬁ?Eg?R?Fh_g‘easyég_ iﬁ@r’%%%rﬁ%%n% into
the nenory gehh@beEbf cAinGRIdré8IbiRd h9da riindthe of iro aeidirésiobits inehect ed
address configuration, and processing system addresses based on the

sel ect ed ad&elestedcaddrege configimatian. generate nenory addresses; wherein
processi ng the system addresses to generate the nmenory addresses conprises
selecting bit groups fromthe system addresses based on the selected

address confipgamaéthed of bperating Richesty @ontrtblierthEOmethiey @@mpiigingessi ng t he
syst em addresses further conprises selecting row address bits fromthe

syst em addresses based on a nunber of columm address bits in the selected

addr ess conflgurat i : : ' ' 5"?"“ ng the
syst em addr gééc%é\éﬁ!% h?’{bﬁ@é&a&%ﬁ%ﬁ@ﬂﬂ géﬁ%gﬁnﬁ%@%ﬁf{dﬁg?@@ﬁﬁ romthe
syst em addr sigsebindizating arsedected abddressfconfiguratioaganadss bits and a nunber of
row address bits in the sel ected address configuration.

processing system addresses based on the selected address configuration to

generate memory addresses;

wherein processing the system addresses to generate the memory addresses
comprises selecting bit groups from the system addresses based on the

selected address configuration.

11. The method of claim 10, wherein processing the system addresses further
comprises selecting row address bits from the system addresses based on a
number of column address bits in the selected address configuration.

12. The method of claim 10, wherein processing the system addresses further
comprises selecting bank address bits from the system addresses based on a

number of column address bits and a number of row address bits in the

selected address configuration.
13. The method of claim 10, wherein:

receiving the configuration signal further comprises receiving a configuration

signal indicating a selected memory configuration; and

processing systems addresses further comprises processing the system

16



13. The method of claim 10, wherein: receiving the configuration 5iﬂ’3@'
further conprises receiving a configuration signal indicating a se t@@ﬁ
menory configuration; and processing systens addresses further conprises
processing the system 16 1 6 JUN 2005 addresses based on the sel ected
menory configuration to generate nenory device selections. 14. The net hod
of cl ai m 10 addiesses hased envtha geleicedmemay canfiguraion tagefenatenmemaynpr i ses
recei ving tBe conf i%ati on signal fromoutside the nenory controller and
processi ng CR¥CEEIEEIPAR(r esses further conprises receiving the system
addresses from outside the nenory controller. 15. A nethod of operating a
menory controller, the nmethod conprising: receiving a configuration signal
into the nerdr yhe omthod béclaim di0c whiergjn seceiwng the donfiguiratien signal iyihet i on;

processi ng system addresseg based on.the selected address configuration to
ener ate neRUTPARArGEIE i oD EReT Gopa T SR i B The syst em
addr esses bagffiolft ahdPHEBESsIRY theCs)stem AeRes fhithsr cdmphgesseceivirgd addr ess
configuration. 16. The nethod of claim 15, further conprising selecting

bank addr esthesysiemiadsiiesses fegrs aside themesonsgealolst. t he nunber of col um
address bits and a nunber of row address bits in the sel ected address
configuration. 17. The nethod of claim 15, wherein the configuration signal

al so i ndi cattgsAanethed @f bpdratibger metturl icontrellérptheanettodr cdmprisiogpr i si ng
processing the system addresses based on the sel ected nenory configuration

to generate nenory
receiving a configuration signal into the memory controller indicating a

selected address configuration;

processing system addresses based on the selected address configuration to

- generate memory addresses; and

selecting row address bits from the system addresses based on a number of

column address bits in the selected address configuration.

16. The method of claim 15, further comprising selecting bank address bits
from the system addresses based on the number of column address bits and

a number of row address bits in the selected address configuration.
17. The method of claim 15, wherein the configuration signal also indicates a
selected memory configuration and further comprising processing the system
addresses based on the selected memory configuration to generate memory
device selections.
18. The method of claim 15, further comprising:

- receiving system control signals and the system addresses into the memory

controller;

17



devi ce selections. 18. The nethod of claim 15, further conprising;

recei ving systemcontrol signals and the system addresses into tihe Hﬂﬁﬁm95
controller; 17 1 6 JUN 2005 generating nenory control signals in response
to the systemcontrol signals; transferring the nmenory control signals and
the nenory addresses fromthe nenory controller; and receiving data into
the nmenory controller and transferring the data fromthe nenory

controller. 1.9. The nethod qf claim15, wherejn processing the system

addr csses. | GENGEHIBOAPEORCCORIR) SiENalRNTesBEN IR P SRR RERER T die mermor y
addresses for a dynam c random access nenory. 20. A nmethod for making a
menory system the nmethod conprising: providing a programuabl e nenory
control |l er &adsfesring thedwemesy contnel signalg @achted Imemenyaddressasrfodmdhe bei ng
configured to eneﬂgﬁelnennry addresses from system addresses based on a
particul ar QﬂﬂﬂBQ@F @8t i on of the menory devices; integrating the
programmabl e nenory controller and the nenory devices together into a

circuitry to forma ma_m)ré_@system and progranm ng the pro?rarmabl e nmenory
control | er #&eaiving dgta vt the pemary gpatrollesemddsanséemingdbe dafaofiomithehe nenory

devi ces aft .0k egr at | the programmable nmenory controller and the
sel ected ne ?bg'&e(g)lnirgog&ig'nt othe circuitry.
19. The method of claim 15, wherein processing the system addresses to
generate the memory addresses comprises generating the memory addresses

for a dynamic random access memory.
20. A method for making a memory system, the method comprising:

providing a programmable memory controller and memory devices, the
programmable memory controller being configured to generate memory
addresses from system addresses based on a particular address configuration

of the memory devices;

integrating the programmable memory controller and the memory devices

together into a circuitry to form a memory system; and
programming the programmable memory controller according to the particular

address configuration of the memory devices after integrating the

programmable memory controller and the selected memory devices into the

circuitry.

21. The method of claim 20, wherein programming the programmable memory

controller further comprises:

configuring the programmable memory controller to generate memory device

18



21. The net hod Vof cl ai m 20, wherein progranmm ng the progranmbl e nenory

controller further conprises: configuring the progranmbl e Menoy \ Juﬁ 2005
controller to generate nenory device 18 6 JUN 2005 sel ections fromthe

syst em addresses based on a particular nmenory configuration of the nenory
system 22. The method of claim21l, further conprising: receiving a
confi gur at i selegtignalfronntite systgmiasldsessies hasedionua partsdlr @ssmoryconf i gur ati on

and the partl Choaiatln o7 the F2Mory S deht" 19

22. The method of claim 21, further comprising:

receiving a configuration signal that comprises the particular address

configuration and the particular memory configuration
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