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Background of the Invention 1. Field of the Invention s 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
controllers also buffer data during data transfers between

devi ces. Menor
the 15 syst e‘M%M@Rt\fh@omﬁmb,&aew&rtPRU@AMMA&LEMMEB&CDN&%M@MSS
configuration and a nmenory configuration to translate system addresses
into nenory addresses and nenory device selections. Unfortunately,
different nmenory devices have different address configurations, and
different nenory systeirs have dBatkgesuindehthe/ingenfibgurati ons. 20 Thus,
the nenory controller nust be designed to use the sane address

Thi s

confi gur at i oh figdd of tree Baertisrenory configuration as the nenory devi ces.
requires that the specific nenory devices for a nenory system be sel ected

durings system deawednverien is felateddd tHd falh bf henisrodh i bSric
availability and price of specific ~nenory devi crgs. ﬁflro%ﬁﬁlﬁ{’\lﬁélgggmcmar’ to o

a memory controlier 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.



2 In addition, many different types of nmenory controllers are neeﬁﬁpéyﬁ 2005
service the many different types of nmenory devices. Miultiple difter

nenory controllers add conplexity to ménory system design. The current
situation also prevents the efficient mass production of a single type of
menory controller. 5 Summary of the Solution The invention solves the above
problens with a nenory controller that uses a programuabl e address
configuration and nmepory 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 system because the nenory controller can be subsequently
progranmed with tRedsdiiane swnysiffarguirgpesoot mémblyeconebiisisete RBEREY I8 RES

and with the nenory configuration of the selected nenory system Address
confi gur at i onthgfaamediFerent gtms iofy ovemtory Wepicey r MUTHPROIFERHE Sreidrd Cohh§idRNOr Y
controller is designed and 15 manufactured. The nenory controller conprises

a progr ammabl &ld ¢arepiesisetocnemosdsyistem dasings T heichftht ditiatidh 8lsB T SHIERRL ©
interface is configured to receive configuration signals into the nenory

control | er i refficentimgsspredieticnes aosietile $peCsHmbRAdnABlier e addr ess
circuitry is configured to process system addresses based on the sel ected

20 addrg#ss configuration to generate nenory addresses. In sone exanpl es of
the invention, the configuration signals also indicate a sel ected nenory

configuration, and the.address %ﬁﬁmégp)bfitﬁeggmti#lured to process the
system addresses based on the selected " nenory contiguration to generate

menory devi ce selEd iBftion solves the above problems with a memory controlier 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 bl OCkidggﬂjfﬁ?@J
that illustrates a nenory controller in an exanple of the inventionY'Fl 3
2is aflowdiagramthat illustrates ménory controller configuration in an
exanpl e of the invention. 5 FIG 3 is a flow diagramthat illustrates
menory controller operation in an- exanple 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

[ nvention s VMG, DR bRk Shagrarktfit ittt Sherdord ARRORE 1R BSGHE of
exanple of a nmenory controller and systemin accord w e presen

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

doseri bet bl ow 20 d ey SR BRI B eatne Ay S FRLIER m on

mul tiple var iei‘-étinPfésonﬁe ;nlg,? iddivention. FIG 1 is a block di agram t hat
il lustrates nenory contro Ter "110 in an exanple

5 | FiG. 3 is a flow diagram that iliustrates memory 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. 6 is a block diagram that illustrates device selection circuitry of a 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



of the invention. Menory system 105 conprises the nenory controlleéﬁ&hg and
menory devices 121-123 that are coupled together in a conventional Tk
25 Menory controller 110 conprises data circuitry 111, control circuitry
112, address 1 6 JUN 2005 4 circuitry 113, and progranmable interface 114.
Menory controller 110 exchanges: data 101 between system 100 and nenory
devices 121-123. ‘Those skilled in the art will appreciate that sone
conventional aspects of nenory system 105 and nenory controller 110 have
been sinplified or omtted for clrarity. s 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. SysiamyaGd aag p%&aii{g%tﬁé‘frﬁéﬂé 1 ﬁe%%{_ﬁg?} c%ﬁ%h&ﬁ Vo é@'h%ngggm)r y

devices 121-123 t0 wite data Control circu récel Vés sy
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115. Control circuitry 112 transters nmenor contral sign

devi ces 121- 123, | i ' Lve st em addgr es 03, and in
response, gener a't"}e%gg%c?n%?gﬁ%%ﬁe%éoﬁghéﬁ%%ﬁé‘?f%? 9%88\?.%@’ %W"e@qlw si gnal s
117 accordin ' ' ammabl e.interface 114. . Address circuitry
113 transfergnén@?rﬁﬁbkgg%e@s% l’%v%g‘g??&’ I@H@ﬁ%ﬁi‘f&?'ﬁ% Brcai®y.on is signals 117
to menosy devices P ta circuitry 1 receives and transfers data
101 fr ogm system IB%@%&@%%S"%%1%§3&% rsi‘%‘é 1&%??"’&%?@?'9@?&@25 angs
indicate the wiite era_['on. Menory address 116 indicates the desired

| ocation for SYHFR af%ﬁe% dﬁtﬁ' ReTEnNEeAWliBn t1 Gt System penrtiehsignrily 188 éndicate 1 23.

Menory devi 8 selecti on. signals 117 indicate the sel ected one of -
the write operation. ‘System address 103 indicates the desired location within

(D

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 respdnse, generates memory address 116 and memory
device sélection 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 fransfers
' ~ data 101 from system 100 to memory devices 121-123,
Memory control signals 115 indicate the write operation. Memory address
116 indicatgs 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 o 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



20 menory devices 121-123 to wite data 101. Menory devices 121- lﬂN ﬁ
data 101 to internal nenory in response to nenory control S|gnals I 2003
menory address 116, and nenory device3sel ection signals 117. To read data,
system 100 transfers systemcontrol signals 102 and system address 103 to
menory controller 110.. System control signals 102 now indicate the 7 6-JUN
2005 5 read operati-on. System address 103 i ndi cat-es the |ocation within
menory devices 121-123 to read data 101. Cantrol circuitry 112 receives
system control signals 102, and in response, generates nenory control
signals 115. Control circuitry 112 transfers nenory s control signals 115
to nmenory devices 121-123. Address circuitry 113 receives systenladdress

103, and in r esjopeeatiope BYskm SdIRBRMYIIAERES tHelBcaitth \U@fﬂ?wem dvice
selection signals 117 according to settings in progranmable inte face T14.

Addr ess circuf2t-y23d i3rdatiaizsd @p$ nenory address 116 and nenory device
selection signals 117 to nenory devices 121-123. Data circuitry 111

100 Nemory cont 1ol e yaa {22 fo e A R e B0 A Py oo

100. Menory control signals 115 1 ndi cat read _
remory devi e T T5ROTE 0%0'%25%.'%211532%%(@00?{9@ TAPH=FR Y Msreetve « he
devi cos” 121- SOYPLRPAETE b ‘i'% Pelienieriat ABfles) Sl g8 P renory
ianal’s 117 et dElR A qﬂﬁ?ﬁ%@%%n%@%e&ﬁ%"ﬁ adipes 4 porvkmoriony i s
referred 10 yovice selection signals 117 according to settings in programmable interface 114. |
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 conirol 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 format that is referred to
as an address configuration. Thus, memory controlier 110 converts system address
103 into rpemory address 116 based on the address configuration of memory
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



as an address configuration. Thus, nmenory controller 110 convertfﬁﬁyﬁ%F?@E
address 103 into nenory address 116 based on the address configu ag n

menory 20 devices 121-123. In a distineét advance in the art, nmenory
controller 110 uses a programmbl e address configuration for this

conver si on.. Advant ageously, nenory controller 110 does not need to be
desi gned specifically for menory devices 121-123 because nenory controller

110 can be subsequently programed wi th the address configuration for
menory devices 121-123. Address configuration programmng may 1 6 JUN- 2005
6 occur after nenory controller 110-is designed and manufactured, and after
menory devices 121-123 are selected. A nenory configuration is used to

sel ect a Mermihr eV rhEmBYREELITINL - als i y ' ect ed
to menory contcrlg)l ler 110. I\/Erﬂrr}#r {3} is){%gnﬁﬁﬁleérﬂgorh%@?éaéefé%gtrjn%g%a&%g@oq%
kgpal s 117 based on the nmenory configuration

i nto nenor | | AC]
) 0Q;S?'}él:"gq%Z'(lal-z%zéé{'l:"%%lcf’%(t:or'lvent i onal device select control signal

of nmenory devi ces
118. In a distingt ' s .art ry controller. 110 us a
pr ogr anmabl e rren%rrggrg'})sﬁ??@ﬁ gﬁtgﬁ' '?8?‘94 ﬁ@%‘éﬁf@?@&h@‘%ﬁﬂﬁ%g@ﬁﬁ@?y,
menory controller 110 d t_need tq be created specifically for 10
nenory devi @gegnqr%f_%xfgsagia earﬁé?ﬁﬂpflaﬁgfﬁ mgasy c@ﬁﬁ@éﬂ@e”ﬁ%@@quent ly
programed w t.h the nenpr onfiguration for menory devices 121-123. Menory
Gonf i gur at | BAEIEE PR IR YRR GEARES P8 drto RearoRty dskinerssacion SKalss T tiesi gned
and after noy evices 121-123 are selected. To program nenory
control | er Rassd %’f (TRRAFRB eoniguEation of memony slevices J 21412 3andf sagwentionai
signal 119 that indicates the sel ected address configuration and

device select control sighal 118. In a distinct advance in the art, memory controlier

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 generate memory 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



menory configuration for nmenory devices 121-123. Address circuitf§ ﬁ@g bﬁﬁ
coupled to programmable interface 114. Address circuitry 113 proce S
system address 103 based on the sel ect’fed address configuration to generate
menory._address-116. |If progranmmable interface 114 receives 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 nenory -address 116. Address
circuitry 113 al so processes system-address 103 and control signal 118
based on the selected nmenory configuration to generate nmenory device
selection signagls 117. |If programmable interface 114 receives a new
configuration 388’??513 193 @nd copbivlsignalg 18 based ot iye\e eitrh @y B hfigiftatib &Y
address circuitry 113 processes system7 6 JUN 2005 7 address 103 and
control signal 9¢1¥aleamemarh devieesatectiorysigeaté ifgpr ati on to generate new
menory device selection signals 117. FIG 2 is a flow diagramthat

i | lustrates nenory fdenivk flew didgranoirki mwtﬁitéé)ﬁaehfbn( é&nt%{%g?llﬁc%@l&ggo%%

i nvention. For initial configuration, nmenory controller S rec

stores a conf i@juexanime of thgrinveritiofli G s %%U%Fo%dp‘%q%ﬁgﬁn (ﬁ[%gqgr ation
er ca

and a sel ected nenory configuration. Menory controfl

re- conf i §ur ed reegivasgnd storesvd édihf@uFéiWn%gﬁail %rc%iiﬁgﬁ 53} (ﬁﬁ[{j%t %%ﬁélyfgtélor es.

I f menory controller 110 receives and ores a new confi

i ndi cating a nedasiboted meaith BoRRIUbL. ST control ler 110
processes the system addressedé ba@gg To 'on ?'ﬁg&ﬁé\%l%{d{;%@ R&Fr-refficaredn
to generate naberEime WitAGoh&s 8615 - ntroll 110 receives a new
configuration signal indicating ég“héefmér(U’% s B{W%E’MWOH@WMQ/
control |‘E,-‘I' 11fcBives aRd Skortd's n%Wo%%gr%%r?géﬁgi iggiscgt?ng a new address

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

2
5 form the selectgd memory system. The programmable memory controller can



on the new nenory configuration to generate new nenory device sFIcﬁegpyo?@é
FIG 3 is aflowdiagramthat illustrates nenory controller 110 Op tf

in an 15 exanple of the invention. Merfory controller 110 receives system
addresses. Menory controller 110 processes the system addresses based on
the selected address configuration to generate --nenory addresses. Menory
controller 110 processes the system addresses based on the sel ected menory
configuration to generate nenory device sel ections. Menory controller 110
transfers the menory 20 addresses and the nenory device selections to the
menory devices. FIG 4 is a flowdiagramthat.illustrates menory system 105
manuf acturing in an exanple of the invention. First, select a programmable
Menory contr QlrbgdssaterMBARYsEEY) i & IOl Y oSy hem
Second, int egir at e ﬁ% select od g?%ﬁ%mﬂ%ﬂﬁ@ﬁ%%ymﬁﬁﬁ%ﬁS’efoy% r?%e
sel ected NMEMGRYMERV It Ry, Cl ' t for he sel,ected nmepory
system The pro@r@né%ﬁ?seégﬁé?o@ﬁ éé%ﬁrh%%ﬁgrrﬁ%rﬁ rylcog%ﬁmr %(%SO %roﬁﬁﬁ%g%s
syst em addr e rious address configurations to generate
mermory addr e%ggi%ﬁﬁ%gﬁg%g %r%%% L T RTAR S (T QII”Q%'O‘&%W QANEIAE MRVB]Y t he
system addregses_based on xari qus nory configurations to generate nenory
devi ce sel ec?%’ﬁ% .Se‘%ﬁgogsel-éﬁﬁ%eﬁ&ﬁg??né@'\ﬂ%’é?sﬁé BT e yapus addeess
address5 5 conéﬁf%g'r tions ﬁ%drﬁehgfﬁ‘iel ected nenory system uses one of the
vari ous menof fagurd HCCHRY MEMYY SYFiEM irs e fdbe valnusgnameny| e

t he address configuration of the selected nenory

menory controller to use,.
d QRECHERIGRS. T0sF PTRaraIR fitselpCteH dragsrpable wemsy ceytmlisnio age

devices and ¢

DRAM Menory %:ontrol ler Circuitry- FIGS. 5-6
| the 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.
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Programmable interface 514 receives configuration signal 519. Address circuitry



FIGS. 5-6 depict a specific exanple of circuitry for a DRAM contfgpl i2®5
accord with the present invention. Those skilled in the art wll p]ggjci e

nunerous variations fromthis exanple%hat do not depart fromthe scope of
the invention. Those skilled in the art will also appreciate that various
features described below Is eould be conbined with other enbodirents to
formmnultiple variations of the invention. A DRAM has banks of arrays that
are conprised of colums and rows. The DRAM address nust indicate the
proper bank, row, dand columm for accurate read” and wite operations.
Different 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 i deiStretgives sydtermmaddiusE03t vl PRAMICORIT OhhA 518U hiMSElethén
specific address conflguratlon of the specific DRAMto function

ef fectivel y. sigr@l 588 issa sobleptibng isR@iafin hbab D%éddﬁ%lléﬁéx%:t@dqf(&ﬁésé:bﬁ&}ﬂr} ry

513 and programmeble interface 514 for M controller in an exanple of

the inventio®13 3609 Epdiamby Ly el i gnal
519. Address ci rpgﬁtry A e 5%%5M39 36 %ﬂ"gccgé‘?ggﬂ?vgﬁé %ﬁ@%@a@ and

chi p sel ect| OR/AGRBI0sEHs. FURATURTHHAN2 IASHRLoTR s;ygte%ﬁg&%gggeggﬁa'

Si gnal I n menory cont roll circultr ess Ses

syst emsaddre 519 ner at e

ddr 658 516, R AL r{:é&ﬁ{’%%g% bl et don 3epel S Bl RN
based on co t al 519 and chip selection signal 518 to generate
DRAM sel ec'?élé(%%':{{glﬁgéné;r{25 ‘gﬁ Configuration signal 519 indicates the address

configuration forcthe sele SIgn(ejal 519 indicates the address configuration for the selected
DRAMs and the 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 coiurﬁn bits from configuration signal 519, and the bank

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



DRAMs and the nmenory configuration for the selected nmenory syst nﬁ ﬁﬂg
address configuration identifies the nunber of bits that specifj h A0Bm
(# COL), 10 row (# RON, and bank (#BANK) in the DRAM address. The nenory
configuration identifies the total nunber of address bits used in DRAM
menory .device selection (# -DEVICE). The nunber of columm- address bits is
the selection input to a row address nux. The nunber of col um address
bits is added to the nunber of row address bits and is the selection input
to a bank address nux. 1s The sum of columm and row address bits is added
to the nunber of bank address bits and is the selection input to a device
sel ection nux. The device selection nmux provides resulting device address
bits 521 to démii@emagiuess tHmurhbsrit Shm ' - i LG 30
conbi nes chip selection signal gﬁgj&%yﬁ’deviggﬁﬁg dr%giﬁ@%fgﬂg%fﬁggééf 8h
t he nunber ofs51dewiseh:dot i i ] | 7.

R irespariflibpiPERABRatRY GEReRf BAILOBRBNH GORLS 37

An exanpl e of device selection cirCuitry 53 escCri fuar

wi th respect r IS hOgi I arsed into bit
groups that fjgirérrllﬁjlnﬁ%%r?ag d%%%@%ﬂééﬁp%&sgﬁgggéighﬁ? Vel MYt groups
that will ge 6..the raw nux uses the nunber of columm
bits from go%? ﬁgé“r%zgt I 0 @g%%ﬁaﬁé; Shsanlyma '@(&Nﬁf'%eﬁwpgs‘@”ﬁ?éwh@%aﬂ of
colum and r | jguration, signal 519, The 1 6 JUN 2005 10
Govi ce b ERrbR Al MBI Re b Pamips el cgRtess RRgRat | on
signal - 519 {90 sel ect tPe articular- bit group that will generate device
sel ection si g4l & 879e° ﬂ%eﬁ% fg”é?ﬂP‘@ifg'éV%OUFWﬁ Gilmpssibleabit geoups
based on the,qgi ntroller design goal, and FIG 5 is only an

i ven menopry c
i[lustrativ efr@y%‘qeg ggd%ﬁ%ggagﬁulgg@ Wsed as inputs to the muxes to provide maximum

programmability, but this implementation is typically inefficient. The number of mdx
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



5 1n this exanple, each nmux receives three bit groups from system.addte
503 that cover a range of address configurations for various DFQI@IS(EE&I 55[]5

possible bit groups from system address 503 could be used as inputs to the
muxes to provide maxi num programuability, but this inplenentation is
typically inefficient. The nunber of mux .inputs and the nunber of bits in
each .bi't group depend on the desired range of 10 DRAM address '
configurations to support: To illustrate the principle further, consider
the foll owi ng DRAM address configurati ons. DRAM " A"ADDRESS CONFI GURATI ON
(TOTAL BITS) COLUW BITS (15) ROWBITS (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 condidel v Seldrkss §lt§ﬁ'§11451ﬁ1é’\9é{-|lfadgrﬂ&sczﬁﬁf 32 tbburABRoduAR difke

respective nunber of colum, row, and its as e devi ce

(i ndicating bwe rdRBRE Y1 51M=065 )5 s&m%ﬂéyggness%@%&%@ot g tﬁéfonﬁggattggﬁ?m

bits 14-0 of the colunn address i n

becanse the BAAMRGreC COFP&'?,QQES’@E%%%ﬁtlsrﬁfb&&r'ég“%%%é@a&ﬁ%égg%a‘i@%z%ses

because the

t he nunber o 5 L ec t dress, hi )
becone bi tsEﬁ%}?ﬂHH}Btghréw% éﬁé%@ggbﬁﬁh%ﬁ%ﬁgg%ﬂgg?e%‘fég’e@ls 'f‘ﬁ' fjresg%’(’tem
address bits 0- 0 ress hit hi not a
proble beca"a’sﬁ) %’% f\)/f’fv'%'%yUNs%@ﬁ “F'gﬂ%rﬁ‘égtmﬁ?vé @% d:,e"f@ 14. The
bank address % uses 5%§1;um of colum bits and row bits (15+14=29) to
sel ect the sﬁfgu TR 2R bits 30-29 to become bits 1-0 of the bank address
i n DRAM address 516. The device sel ection nux uses the sum of colum bits,
row bits, and bank bits (15+14+2=31) to select the system address bit

DRAM "B" ADDRESS CONFIGURATION (TOTAL BITS)

COLUMNBITS (21) | ROW B S (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
10 configuration, and conﬁgua_‘ation 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
15 - address 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
20 - 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



$ 31 for combination with chip selection signal 518 to provide %S 6-0 of
device selection signals 517. DRAM "B" ADDRESS CONFI GURATI ON ( AY le
COLUWN BITS (21) RONBITS (21) BANK BIT&E (3) DEVICE BITS (3) 20-0 41-21
44-42 47-45 For DRAM "B", system address 503 would include bits 47-0 in
this address 10 configuration, and configuration signal 519 would indicate
21, 21, and 3 as the respective nunber of columm,- row, and bank bits, and
3 as the device bits (indicating eight nenory devices). Bits 20-0 from
syst em address 503 becone bits 20-0 of the colum address in DRAM address
516. The row address nux uses the nunber of colum bits (21) to sel ect
system address bits 41-21 to becone bits 20-0 of the rowis address in DRAM

address 516. Fhgpabedtkwilddeeiss aaidiese3ms 5P aSEI0AHGRE WIR 5B Ry ts
(21+421=42) to select the system address bits 44- 43 to egg%églmtad;ugs-(%w'c@f

t he bank addr eelsciion MW SdUr es@iffbrkht od18f ﬂg\gé%g}%egg&g Q@P%)%#Sig% x ‘é‘&&% um

of colum bits, row bits, and bank bits (21+21+3 to s€lect the

dd bi t stoAdachDf gy ' ] ' ' t | |, 318 t
provide bits 7-0 of Gevi oo b0 Seect i Sranirarat ol & IR 1 Pede
ai hat adi : N . 530 i I ¢
a0 am 1 hat Jbvises! sobn St RSN ULEN 61 LhY 880 hRaAL, | SXaTP e ©

the i nvention. Device selection circul co ection 1 6

520 o broduce dee it o gLy P R AUUSES AldSis ik AR st ites et co

520 to produce device ect Fon signal

sel ection sigipgh 7 A5, i.ded, . t ach of the nenory devicesS. In this
exanpl e, there Cgﬁ%- Qeeﬁff&r%%c!{ggs %S}T%;’Care inverted prior some” AND gate inputs. The

AND 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 [ 113 11T [ 711

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.



devices, so all of the device selection signals 517 may not' be nge(j@g. HQB
Chip selection signal 518 and devi ce address bits-521 are provided 2005
vari ous AND gates. Device address bit$3521 are inverted prior sone AND

gate inputs. The AND gates produce a 1 only if chip selection signal 518

is also a.1l. The following table illustrates the val ues of device address
bits 521 that are required to produce a 1 fromthe AND gates. 10 AND GATE
1A 2A 113 2B3B 4B BIT1- - 0011 BITOO0O10101L GATE QUTPUT 1 1

1 111 The nuxes select their respective inputs to becone device sel ection
signals 517 based on device bits 520 which indicates the nunber of bits in
the system address that are used for nenory device selection. If device

bits 520 are zeroc:htdweétﬁmtsh@iﬁshéaﬁa'd%vg_e%d Bfts‘ysz‘é!&@ mdhibStea4at em

and chip selection signal 518 is passed directly to is nmenory device. If

device bits ??&;icﬁ{ £130¢he 588Btel MR deviddand B B35 ¥h<—?8tY1-bFﬁ1%rﬂé)?¥ hBGcaystem
t y passed 10 NERory

and. outputs Trom AND gates 1A and 2A"are respective

devi cos it RS7gs Bl RO e bt Ml el 8 SIS b thofBIR Y 415

Chi p sol oot i S BASR R U B Mo AR AR R8T 1 551 are mani pulated to

Peol tag. & 1 1O PSSl S in TR B Wil ShrE8iafd Vartions Ot e atiove-destribed
‘embodiments that fall within the scope of the invention. As a result, the invention is

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

following claims and their equivalents.



Device bits 520 allow a choice of selection signals 517 based on, th ﬁermry
configuration being used by the nenory system s Those skilled |115tag aZf05
wi |l appreciate variations of the above-described enbodinents that fall
within the scope of the invention. As a result, the invention is not
limted to the specific exanples and illustrations discussed above, but
only by the What isamhaimgdd$ai ns and their equivalents. i 6 JUN 2005 Wat is
claimed is: 1. A nenory controller conprising: a programmuable interface
configured to receive a configuration signal into the nenory controller

i ndi cating & eepidy cBRAROIRTToRtisigyr ation; and address circuitry coupled
to the programmabl e i nterface and configured to process system addresses

based on the sel ected address configuration to generate nmenory addresses;
wherein the address circuit is configured to select hit groups, f.romthe
oyst om adar ddegraRTEn TRt riBliniErels GuTaltian JHragdhE o
the nenory aRéMmBRASESHtrofler HifARE Yeleetrdldreds &infigupdtionl angherei n the
configuration signal also indicCates a selected nenory configuration and

the address circuitry is further configured to process the system

devi co sel cabpte® ciutp RIS ETRbYmRblsAH I c A OB .y ess
circuitry i procedstsystent atiiicpsesbabed bache seldchel addresscadfigwatiesté nto the
menory controller and transfer the nmenory addresses fromthe nenory

control | er, 9eRgraie marpory addresses;

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



controller further conprising: control circuitry configured to fegejiye
systemcontrol signals into the nenory controller, generate nenory coé@p%l
signals in response to the systemcontrol signals, and transfer the nenory
control signals fromthe nenory controller; and data circuitry configured
to receive data into the nmenory controller and transfer the data fromthe
menory controller. 14 1 6 JUN 2005 4. The nennry controller of claiml,
wherein the aqgress circuitr confl b] nerate e menory

addr esses f8r emﬁwcc%rﬁéiémlﬁs%%é “Fﬁ%cf‘?% ¥ controller of
claim 1, V"hﬁbﬁh%/hrea?o ggﬁé@%@tﬁ‘é ﬁ‘l%FHdrf{‘édH%ssﬁg%r' QH{]%M&@GB%CC@QW addr ess

bits fromthe system esses based on a columm address bits in
t he sel ect ethadolyess configuration. 6. The nennry controller of claiml1,
wherein the address circuitry is configured to select bank address bits
fromthe system addresses based on a nunber of columm address bits and a

nunber of 1 GWrRE MRS tﬁdn&oll@réﬂﬁalﬁq"\Qﬁé%ﬂ@é&fr&ﬁ@ﬂéwﬁy@t'On 7. The
menory controller of Claim1, wherein the progranmabl e interface receives

the confi gucarfigiied tyselect rowhaddress biss fige roasidressesrbased ae

cont rol e THBRY ot RPN PS: PSR Bales8 BoRiiftn' N TETrY

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



a programrebl e interface configured to receive a configuration Jﬁ~ﬁh%
the nenory controller indicating a sel ected address configurati

address circuitry coupled to the programmable interface and confi gured to
process system addresses based on the selected address configuration to
generate nenory addresses; wherein the address circuitry is configured to
sel ect rom/éﬁahegnahDUQXﬂKENEIhbdaﬁwgtWhe&ﬂmﬂvxaé@eba§ﬁﬁwﬂﬁi% nunber of

o The memnf9 e o PelecEpt S0Ras ofRTRE e bl flea et /s %

configured e AEMBEF oPEMARIdRSSs Bitd Snd BN of YoWeIddeesl Bigsiaghdased on
t he nunber of columm address bits and a nunber of row address bits in the

sel ect ed adé&elestedcaddregscanfigiatiorn. A met hod of operating a nenory
controller, the nmethod conprising: receiving a configuration signal into
the nmenory controller, the configuration signal indicating a selected

address confpgArméthed ,of@pérartnhgceemmry%mtremaﬂwmem tmmpdsing: t he
sel ected address configuration to generate nenory addresses; wherein

processi ng the system addresses to generate the nmenory addresses conprises

selecting b F'ﬁ?ﬁ ed
addr ess Cm*‘%cﬂn@#??gn?@?aﬂ?ﬁgﬁﬁlﬁma"{’ﬁl? &ﬁ\c%g%\%érel n p cefg(glF ng the
syst em addr sgmebintlitatihg a setestpd addsessalopdiguragionpandiddr ess bits fromthe
syst em addr esses based on a

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



nunber of colum address bits in the sel ected address confi guratji 9”{%2293
The nmethod of claim 10, wherein processing the system addresses fur r 5
conpri ses sel ecting bank address bits fromthe system addresses based on a
nunber of columm address bits and a nunber of row address bits in the

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

recei vi ng t laddoesses dpasad ioarths isglested ety coofiguratians to gerneratenmemory
configuration . signal. indicating a selected nenory configuration; and
processi ng SP¥iCER'eRAPEsses furt her conprises processing the system 16 1
6 JUN 2005 addresses based on the selected nenory configuration to
generate nenory device selections. 14. The nmethod of claim 10, wherein
recei vi ng t H4. Ebenietbodof dairsilgnwhefein reegiving the corfigurateresignabfurther

configuratign signal from qutside the nmenmpry. controller and processing the
cyat em addr S0TRLERS rerife e Sotur R RORArort g BB oce T rom

out si de t he cBRfiBllef dhaProédsig thEbsysterRidiassset foRkEcddmprisesReBIVing
controller, the method conprising: receiving a configuration signal into

the nmenory Hensysiemeddresfasdiom guiside hemeapraganteierconfi gurati on;
processi ng system addresses based on the sel ected address configuration to
generate nenory addresses; and selecting row address bits fromthe system

add ][ esses baseA methad of operating a meimom cadtfolkastha method ¢dmprsihgct ed address
configuration.

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



16. The method of claim 15, further conprising selecting bank aqdrgﬁf bits
fromthe system addresses based on the nunber of colunmn address bl t M85 a
nunber of row address bits in the selected address configuration. 17. The
met hod of claim 15, wherein the configuration signal also indicates a

sel ected nmenory configuration and further conprising processing the system
addresses based on the selected nenory configuration to generate nenory

devi ce sel ection%. 18. The tr?od of claiml15, ftgrthegeggo riISLn% )

recei ving sWSNEREGIPPECNSEYHR S nHesegRselq hgfysiare SontRlS TS e nor v
controller; 17 1 6 JUN 2005 generating nmenory control signals in response
to the systemcontrol signals; transferring the nenory control signals and
the nmenory dniustesdrg tHe memdne contsplmignals anddhé memenydaddsessesifrgmndbea i nto
the nenory controller and transferring the data fromthe nenory
controller. "i%WOFVh(E’W@ﬁB@"Qf claim 15, wherein processing the system
addresses to generate the nenory addresses conprises generating the nenory
addresses for a dynam c random access nmenory. 20. A nethod for nmeking a

menory syst éegeiving data indeltheompmosy sgntrollgr aviddrangferripg dbe datealio® thenor y
controller %%ﬁr ﬂ%él ces, the programmble nenory controller being
configured e e nory addresses from system addresses based on a
particul ar address configuration

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



of the menory devices; integrating the progranmable nenory controller and
the nmenory devices together into a circuitry to forma Menory pystie Q@Sd
programi ng the programmbl e nenory controller according to thé particul ar
address configuration of the nenory devices after integrating the
progranmmabl e menory controller and the selected nenory devices into the
circuitry. Zelectioosfronmtw systerhaiddreGesiasedion ppadicaiarinemotye pr ogr ammabl e
menory controller .furi;f er conprises: configuring the progranmabl e nenory
control | er tCSnEQW@F'QPé’ %W%W‘%@m‘w 16 JUN 2005 sel ections fromthe
system addresses based on a particular nmenory configuration of the nenory
system 22. The nethod of claim?21, further conprising: receiving a

confi gur at i @2. dJhgmaethodaf claampdl, fwthereonpprisingul ar address configuration
and the particular nenory configuration 19 ABSTRACT MEMORY CONTROLLER W TH
PROGRAMVABLE ADDRESS CONFI GURATION A nmenory controller conprises a

progr ammebl eetdiVing faseniR@rationtsigral ABsk espapristis thy igafticuldfidpeggr ammabl e

interface receives a configuration signal into the
configuration and the particular memory configuration
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nmenory controller indicating a selected address configuration. The address
circuitry processes system addresses based on the sel ected addl’]egsJUN 2005
configuration to generate nenory addresses. The configuration signal may
al so indicate a selected nenory configuration, and the address circuitry
processes the system addresses based on the selected nenory configuration
to generate nenory device sel ections. Figure 1

ABSTRACT

MEMORY CONTROLLER WITH PROGRAMMABLE ADDRESS CONFIGURATION

A memory controller comprises a programmable interface coupled to address
circuitry. The programmable interface receives a configuration signal into the
memory controlier indicating a selected address configuration. The address circuitry
processes system addresses based on the selected address configuration to
generate memory addresses. The configuration signal may also indicate a selected
memory configuration, and the address circuitry processes the system addresses

based on the selected memory configuration to generate memory device selections.

Figure 1

20



