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A flash memory chip that can be
switched into four different read modes
is described. Computer systems and hi-
erarchies that exploit these modes are also
described. In the first read mode, asyn-
chronous flash mode, the flash memory is
read as a standard flash memory. In this
node, the reading of the contents of a first

| address must be completed before a sec- MICROPROCESSOR FLASH
ond address to be read can be specified. In MEMORY
the second read mode, synchronous flash

] mode, a clock signal is provided to the 140 130

flash chip and a series of addresses be-
longing to a data burst are specified, one
address per clock tick. Then, the contents
stored at the addresses specified for the
burst are output sequentially during sub-
sequent clock ticks in the order in which
the addresses were provided. Altemately,
if a single address is provided to the flash
chip when it is in the synchronous mode,
the subsequent addresses for the burst will
be generated within the flash chip and the
data burst will then be provided as output
from the flash chip. In the third read mode, asynchronous DRAM (dyna:mc random access memory) mode, the flash memory emulates
DRAM. Thus, row and column addresses are strobed into the flash memory using row and column address strobe signals. The flash memory
then converts the row and column addresses internally into a single address and provides as output the data stored at that single address.
Furthermore, although the flash memory does not need an extended precharge period or to be refreshed, when in the asynchronous DRAM
mode, the flash memory responds to precharge periods and refresh cycles s would a DRAM. Therefore, when in the asynchronous DRAM
mode, the flash memory can be controlled by a standard DRAM controller. In the fourth read mode, synchronous DRAM mode, the features
of the second and third modes are combined to yield a flash memory that emulates a synchronous DRAM.




the number of clock pulses in a particular tine period i hcreases

t hereby i ncreasing the power consunption of the m croprocessor duri ng
this time period. Furthernore, nore heat is generated by the

m croprocessor and mnust-*be dissipated in order to prevent the damage

of conponents within the conputer system Bot h power
consunption and heat dissipation pose serious probl ems when desi gni ng
a personal conputier system This is WO 95/ 34030
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especially true in the case of nobi |l e conputers that are typically

powered by batteries. The nore power that the conputer consunes, t he
|l ess tine that the conputer can operate off of a given sized battery. .
Therefore, as the operating speed of the conputer is increased, a

designer is faced with several unattractive alternatives. | f
the sane sized batteries are used, then the effective operating tinme
for the conputer system nust decrease when the operating speed is °
increased. On the other hand, if the effective operating tine isto

remain constant then it is necessary to either add additional

batteries, thereby increasing the bul k and wei ght of the conputer, or

to use an exotic and therefore expensive battery technol ogy (or both)

The trend in nobile conputers is towards snaller, faster, |ess

expensive and lighter units. Thus, the need to add addi ti onal

batteries, or nore expensive batteries is a significant disadvantage.

Thi s di sadvantage is exacerbated by the need to add cooling fans, or to

i npl enent ot her cooling techniques, in order to dissipate the '
addi tional heat that is generated by the high speed m croprocessors.
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Addi tional ly, "because the ni croprocessors are operating at a hi gher

speed, they can execute nore instructions in a given anount of tine,
and t her ef ¥@9%MA3%| so process a greater anount of data dur iPCF/US9sH07062t hat
period. A bottle neck has devel oped in conputer systens having f ast

m croprocessors that can prevent the higher speed of the

m croprocessor to be utilized effectively. This bottle neck is the bus
(or buses) that provide instructions for the m croprocessor to execute
and the data that the m croprocessor will uge when executing the

i nstructions. I f the next instruction to be executed is not
avai |l abl e when the - mcroprocessor _needs_ it,. then the m croprocessor
nust wait idly (i.e. FLASHMEMPRY BASEL MAIN MEMORY, i r ed
instruction is retrieved and provi ded to the m croprocessor.

Furit hernore, if RIREDOFTHEINVENTION O be executed requires data that
is not inmediately avallabl e Eo the, m croprocessor,. .the .

m croprocessor mnust ﬁheom'eé?@ Hh‘f%flﬂ%aeﬁglna? tl‘?aé‘eb%%lﬁ ofthe arrbifecture
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di ssi pat ed. BACKGROUND OFHEIINVENTIOBE the frequency with which the
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computer programs. Computer programs are made up of a larger
number of code instructions than they once were and on average,
require access to larger files of data that are read from, and written to,
when executing the programs.

Typically, the heart of a personal computer system is a central
processing unit (CPU) that resides on a microprocessor chip. New
microprocessor chips that operate at increasingly high operating
speeds are constantly being developed in order to permit personal
computers to execute the larger programs in a timely manner.
Usually, these microprocessor chips are developed using CMOS
(complementary metal-oxide semiconductor) technology. The
greatest amount of power consumption for CMOS chips occurs on the
leading and trailing edges of clock pulses (i.e. when a clock signal
transitions from a low voltage state to a higher voltage state and vice
versa).

When the operating speed of the microprocessor is increased,
the number of clock pulses in a particular time period incteases
thereby increasing the power consumption of the microprocessor
during this time period. Furthermore, more heat is generated by the
microprocessor and must be dissipated in order to prevent the damage
of components within the computer system.

Both power consumption and heat dissipation pose serious
problems when designing a personal computer system. This is



internal cache so that they nay be accessed i mediately by the CPU of

the m croprocessor. The sequential nature of conputer

progr ams W20 t hat when a particul ar instructi ®CTNISHSHI062 he
programis executed, it is highly -~ probabl e that the next
Instruction to be executed wll be the instruction that follows the
currently executing instruction. Therefore, when an instruction is
to be executed, the cache is checked to determ ne whether a copy of
the required instruction is [ m*redi,g_t el y avai |l abl e W t hin the cache.
If a copy of the required instruction is stored within the cache

call ed a cach Lt 1a . 1 ' of the instruction can be
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PCT/ US95/ 07062expensive and lighter units. Thus, the need to add additional 4-
batteries, or more expensive batteries is a significant disadvantage.
This disadvantage is exacerbated by the need to add cooling fans, or to
implement other cooling techniques, in order to dissipate the
additional heat that is generated by the high speéd microprocessors.

Additionally, because the microprocessors are operating at a
higher speed, they can execute more instructions in a given amount
of time, and therefore can also process a greater amount of data during
that period. A bottle neck has developed in computer systems having
fast microprocessors that can prevent the higher speed of the
microprocessor to be utilized effectively. This bottle neck is the bus
(or buses) that provide instructions for the microprocessor to execute s
and the data that the microprocessor will use when executing the
instructions.
If the next instruction to be executed is not available when the

microprocessor needs it, then the microprocessor must wait idly (e
insert wait cycles) while the required instruction is retrieved and
provided to the microprocessor. o
Furthermore, if the next instruction to be executed requires data that
is not immediately available to the microprocessor, the
microprocessor must also idle until the data has been retrieved.
During this idle time, the microprocessor clock continues to toggle



Because the internal cache is filled a cache Iine at a tinme, many

m croprocessors can accept data in a burst node. In a typical burst

read, the WPEFB#BBcessor specifies the first address of thePEHUS¥7062
instructions to be read into a cache line. Then, the data or instructions
that are stored at the addresses of the cache line are sent sequentially
fromwhere they are stored within the conputer systemto the

m cr opr ocessor. Frequently the internal cache of the
m croprocessor is forned using statig.random access nenory (SRAM.
Because each SRAM cel | Is formed by six to eight transistors, there

cache. " Fur t her mofereby needleSgii SR SaiRE aiavest i atgerarih KhatlipliasidY 1
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returned relatively quickly to the state they were in i
bef ore they ent ethedmMieOPIEERsSBHbWer down node. As nentioned

earlier, data and i nsThegbheéstid tatar® b domputen programs ishsudotipittwhesyst em
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instruction is stored within the cache (called a cache hit), then the

copy of the instruction can be supplied to the CPU immediately from
the cache and there is no need for the CPU to wait while the
instruction is retrieved to the microprocessor chip from wherever it is
stored in the computer system.

On the other hand, if a copy of the required instruction is not
stored within the cache (called a cache miss), then the CPU must wait
while the instruction is retrieved to the 'microprocessor chip from
wherever it is stored within the computer system. Actually, rather
than only retrieving the next instruction to be executed, a cache line is
formed by retrieving the next instruction to be executed and a certain
number of instructions following the next instruction to be executed.
That way, if the subsequent instructions are in fact required to be
executed, they will be immediately available to the CPU from within
the cache line of the cache. Because of the sequential nature of
programs, the benefits of caching also applies to data used by the
programs.
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-5- required to execute the programfromth Gﬁj nvol atil e
rrermry tootgﬁlg %gster vol atile menory. The shadow copy in é&ﬁﬂ%

menory is then used to execute the program If any changes are nmade :
to the shadow copy during the course of the program execution, the

shadow copy can be copied back to the slower nonvol atil e nenory,

when the program fini shes execution. Furthernore, because:an

unexpected power failure will cause the cdntents of the volatile main
menory to be lost, it is comon to save internediate results

generated during ”Bécﬁﬁ'sé&ﬁéﬁfteﬁiﬂ“cﬁ&hé’& ﬁﬁed'&&:al&h@gi&@rﬁtanme, many The
nost comon form of main nenor SS mem)ry 3
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much data as Qn%@gﬁ [d'Be $84% into 3 ﬁaﬁlﬁeofﬂ?% e’i"hEii the data or msFor Rgﬁgb store

information in ed Circuits S ecause
capaci tors | odhat axd storeshatthepaddressesof tbmhe line aremtsqmte@@num | ed by

| ogic that caypsm Jvhéréjﬁﬂy' &fél stérdd within the%ﬁipﬁléﬁ!d?ét!m tethesh”
(recharge). Wen a DRAM i $ being refreshed It cannot be read from

or witten tom’(ﬁ'; ?,’roprocessor Thus, if the m croprocessor
must access the DRAveghently ithe mtebmlrtgichefufethbem,croprocessmris formedr e wai t

Lt Coc - using e andh] (SO KM AN “Shca BB SIRGEAT

i's t hatls fptaned dyrsix 10 eightytransisters, thereds oply ¥ea@m ORAM  Fur t her nor e,

because SRAM daRopRicesRackiip fof o Riwedlpdmill SRAM die, Fuathaidhore] o (

access by the 4f LPR 96f2HRE medring Wkt SRAN Weaitd thSnkSihhtion stored
as long as there is enough power to run the device. If power is
removed, the contents of the SRAM cache are lost.

Some microprocessors are dynamic, meaning that if power is
removed from them, when power is restored they cannot return
directly to the state they were in when the power was removed.

When power is restored the microprocessor must be reinitialized, and
at least some of the processing progress previously made will probably
be lost. |

Other microprocessors are static, meaning that they can be
placed in an energy saving deep powerdoWn mode, and then be
returned relatively quickly to the state they were in immediately
before they entered the deep powerdown mode.

As mentioned earlier, data and instructions are stored within
the computer system and provided to the microprocessor over one (or

" more) bus systems. Because most types of relatively fast random
access memory are both volatile and relatively expensive, a typical
computer system stores code and data on relatively inexpensive,
nonvolatile memory store such as a floppy disk or hard disk.

The typical computer system also has a main memory made of
volatile memory because the nonvolatile memory has a relatively
slow access speed. When a program is to be executed, the computer
system uses a technique known as shadowing to copy the code and

(%3



associ ated need for the mcroprocessor to include wait states when
accesses are attenpted while the DRAMis being refreshed. Moreover,

the | ack oWQ@95¥030esh requirenent sinplifies designing a coP@I(9s/07062
system havi ng SRAM based mai n nenory because one does not have to
worry about controlling refresh cycles. In fact, a sinple battery back-
up can be supplied to preserve the contents of the SRAMin the event

of a power failure. O course, if the battery back-up fails, the contents
of the SRAM nain nenory will be |ost. %D 95/ 34030
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SRAM, even though it is slower than S because DRAM can hold
approximately four times as much data as a SRAM of the same
complexity.

DRAMs store information in integrated circuits that contain
capacitors. Because capacitors lose their charge over time, DRAMs
must be controlled by logic that causes the DRAM chips to
continuously “refresh” (recharge). When a DRAM is being refreshed,
it cannot be read from, or written to, by the microprocessor. Thus, if
the microprocessor must access the DRAM while it is being refreshed,
one or more wait states occur.

In some computer systems, SRAM is used as main memory in
place of DRAM. One advantage of using SRAM as main memory is
that SRAM is relatively faster to access than DRAM. Furthermore,
because SRAM does not need to be refreshed, it is always available for
access by the microprocessor, thereby eliminating the DRAM
associated need for the microprocessor to include wait states when
accesses are attempted while the DRAM is being refreshed. Moreover,
the lack of a refresh requirement simplifies designing a computer
system having SRAM based main memory because one does not have
to worry about controlling refresh cycles. In fact, a simple battery back-
up can be supplied to preserve the contents of the SRAM in the event
of a power failure. Of course, if the battery back-up fails, the contents
of the SRAM main memory will be lost.



of main nenory and | ocal buses is in the range of 16 to 33 Mz and

the trend is towards increasingly faster buses. Al t hough nost
m cropr OWO9SB40can i nterface directly with a mai IPCEAISISHTEERS, SOone
m croprocessors do not provide an external interface to a | ocal bus.
These m croprocessors typically interface with a relatively slow
speed synchronous bus call ed an expansi on bus. The typi cal operating
speed of an expansion bus i$ in the range of 8 to 12 Hz .

The main menmory (or DRAM bus is used by _éle m croprocessor chip to
access main nenory. Usually, rat her than interfacing directly to the

DRAM chi ps, the mc rocessaqr s cou con IIer chip
that, in turn, is c B} ﬁ?ﬁ%‘ﬁﬁ‘ﬁ%ﬁ%ﬁpp‘nemory CCH?S]&?&A% :
controller conitrlslmo&ccemmmtto intplefienl/theimain memory nsﬂrugaDRAMy t he

nmaﬂr?g:]gﬁgzsglrjc a-%e% r res%“cﬁ{ﬁ ME eralqgg gﬁmor)pmﬁb refreshing ‘

t he DRAM cont eBRAM hased s@?@% betanéache memcmmmaéemt roll er
bui I't directl Yeakt@hihlttbetﬁb xﬁi Qgﬁﬂ:é DBéML@é the extemm&hb Rfotar e

contained in Sutface iount pa pqua%aﬂ /St &l typicallyBe SL3485 Store
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anot her. A SRAhhéwdc&bﬁﬁsm mbﬁﬂ@bugéssmab ofeaUioradbéoflendeks for
m croprocessor tp [ ou& structxons entienng and leaving the microprocessor chip. (
A high speed microprocessor chip typically interfaces with the
rest of the computer system using one or two high speed buses. The
first of these buses is a relatively high speed asynchronous bus called a
~main memory bus. The second of these buses is a relatively high
speed synchronous bus called a local bus. The typical operating speed
of main mémory and local buses is in the range of 16 to 33 MHz and
the trend is towards increasingly faster buses.
Although mo_st'microprocessors can interface directly with a
main memory bus, some microptocessors do not provide an external
interface to a local bus. These microprocessors typically interface with
a relatively slow speed synchronous bus called an expansion bus. The
typical operating speed of an expansion bus is in the range of 8 to 12
The main memory (or DRAM) bus is used by the '
microprocessor chip to access main memory. Usually, rather than
interfacing directly to the DRAM chips, the microprocessor is coupled
to a DRAM controller chip that, in turn, is coupled to the DRAM chip
or chips. The DRAM controller controls accesses to the DRAM chips
initiated by the microprocessor. The DRAM controller also controls
overhead maintenance such as the refresh cycles for periodically
refreshing the DRAM contents. Some microprocessors have the
DRAM controller built directly into them. Frequently, the DRAM or
SRAM chips are contained in surface-mount packages and several



If a conmputer system has a |ocal bus, then the m croprocessor can
access devices coupled to the | ocal bus at a relatively fast speed
Thus, hi gh™M:H#WP¥ h devi ces such as graphics adapter cardsxﬂﬂ%ﬂﬁﬂwmz
input/output devices are typically coupled directly to the | ocal bus.
Sonetimes the external cache is coupled to the local bus rather than to
the DRAM bus. It is also possible to supplenent (or replace) the main
menory on the main nmenory bus by coupling DRAMto the | ocal bus

using a DRAM controller designed to interfacg-with the |ocal bus.

Each device coupled to the |ocal bus has an associ ated capacitive
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Anot her device coui ?@’ éo'?%ﬁ?%ll #Qél RAMW cally an expansi on
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bus bridge that coup or mance ocal bus to a | ower
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us uses {1 ash bty e Bt %@e‘ e ey 47 BEPRIGE dbrer cards FEFARE "
nonvol atil e, readapnﬁ/tomtpuﬂdeyxcefam@}n&lbt cdupled direutly\to the localiinssed
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menories differ romconventlon ectrically e asab) e
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Each device coupled to the local bus has an associated capacitive
load. As the load on the local bus is increased, the maximum
operating speed for the local bus decreases and the power required to
drive the bus increases. Therefore, one device coupled to the local bus
can be a peripheral bus bridge from the local bus to another bus called
a high speed peripheral bus (e.g. a peripheral component interconnect
(PCI) bus). The bus bridge isolates the load of the devices coupled to
the high speed peripheral bus from the high speed local bus.

Another device coupled to the local bus is typically an
expansion bus bridge that couples the high performance local bus to a
lower performance expansion bus. The low bandwidth components
of the computer system are then coupled to the lower performance
expansion bus. One type of device that is typically coupled to the
expansion bus uses flash memory. Flash memory typically is a high-
density, nonvolatile, read-write memory. Examples of flash memory
based devices include BIOS ROM and hard disk substitutes.

- Flash memories differ from conventional EEPROMs
(electrically erasable programmable read only memories) with respect
to erasure. Conventional EEPROMsS use a select transistor for



- 8- I ndi vi dual byte erase control. Flash nenories, on the other
hand, achi eve nuch hi gher density mnth S|ngle transi stor cells.
For a tyWOP3B43Pash nenory array, a logical. "one" neans PECHUSISENE2! any
el ectrons are stored on a floating gate associated with a bit cell. A

| ogi cal "zero" nmeans that many el ectrons are stored on the floating

gate associated with the bit cell. Each bit of the flash nenory array
cannot be overwitten froma |logical zero state to a | ogical one state
wi thout a prior erasure. During a flash ergse operation, a high voltage
I's supplied to the sources of every nenory cell in a block or I n the

entire CNI P S! iV RRGTEY erddd) SufthR ash Indmbiich, 6 1A otk bl ock
erasure. er. a nMendry array ‘has been erase a .
| ogi cal one i sachieve much b%é@r.#@mwmsmgh h’éﬂ“ﬁ?ﬂ! ¢elissh nenory array.
Each si ng:je(blFoﬁel ivhl ﬂash memébffafrag ﬁﬂl &ﬂlr%!@f'rxﬁdaﬂsalht latk’@mban .
progranmmed (ov r ca ogi,cal zero, .
gi ven that th,%‘%ﬁ?ﬁ?% Fﬁ#nﬁn:fdﬂ?wg gapegassotéxﬁgf ﬁ's PH‘%hr ating gate
that contains ldgcalri'zero’fsmeamﬂtmmany electrons asecstoreshondhedtoatingl with t he
erased state. FARUSSUARA FINS Hibkell. Bach bitldf3H0 MEARNERSrbfraYl SO

referred to as“wit peration 3 oeratlo
associ at ed wi t fAnRAt @éﬁmfrnaerh fromna,lpgical gegro state to a %}5 one stakeh| es t he

r ea((jlI operat | Onw!iﬂﬁﬂttf iaapEer ‘Tdsﬁ"@th m&inﬁgéa]gfliashl étase operatiolt hdmltagesk A
read operation,for t | spee as .ar ay t akes on
t he order of gtf W@ épc/&ng? ?es YRy RE orycellmea}g@gﬁé% ons for a
fl ash menory aemtine chip, sibnmlianeouslyi ghiisiresuits in a full arra)sbo\ueﬁull bBipokcal |y,

an erase oper agdQfird akes on the order of one second. - Awite
operation for asmgéewodof aflashrTE E)Farrayta es, 0 . t he
order of 10 ni cr osef#i¢n@ flash memory array has bpem efasedna logicahene isno. @B 2

251 324 A, pubstosébih adlybit.cell of the flash 3nemadey aftaye SEachcsinglel lsie cely of em t hat

ar chi tect ur o 5 fet b baray cap, thefl B BRSYref mwﬁﬁéniﬁétsﬁ% OB 25y st em

One architect ukxsmaémerfeoa iqucadm.rgwen that this eataxbrsxmplp structure.
For the vari abél@cﬁ'bhﬁ to tarﬂﬁé E@m&wc@ﬁtams the intFRfc himbeP'ofd

contiguously i ecute conputer

code directly &PS‘ITPF?I@S’H rtﬁnes’? ﬁkﬁ‘t@hgﬁf’g’mo}’e’aﬁl ed for RAM
A direct mappeflastamerhores atecalsbrefdrred to as daity op@dtions.

The read operation associated with a typical flash memory array
closely resembles the read operation associated with other read-only
memory devices. A read operation for a typical high speed flash
memory array takes on the order of 80 nanoseconds (nS). Write and
erase operations for a flash memory array are, however, significantly
slower. Typically, an erase operation takes on the order of one second.
A write operation for a single word of a flash memory array takes on
the order of 10 microseconds.

British patent document no. GB 2 251 324 A, published July 1,
1992, describes a computer system that uses flash memory. The patent
document discloses various architectures to incorporate a flash
memory into a computer system. One architecture referred to therein
is a variable file structure. For the variable file structure, computer
code is stored contiguously in flash memory, allowing a CPU to
execute compﬁter code directly from the flash memory array without
the need for RAM. A direct mapped variable file structure is described
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that al | oW¥OMSBMP code execution fromall of the flash mnﬁ?Wﬁ?ﬂ"ﬂ?‘z

A page mapped variable file structure is also described that allows

direct code execution froma portion of the flash nenory array.

Thus, flash nmenory can serve as the main nenory within portable

conputers, providing user functions simlar to those of disk-based

systens. A ROM execut abl e DOSg.s avail abl e commercially and
provi des several benefits to both system manuf act urers and
ultimately end e FlIst temis
composed of fi xeté‘at allows &ﬁﬁd éo[c% xael%mﬁ)ﬁiﬁ%isf?? Pghﬁﬁggéﬁbya{é execut e
DOS i s reduced A page mappedoriable file Stmfémé%yi ﬂéﬂ@ﬁwb@i tedlawpace and

power . Sediedl dodelETecaABn TS PBPROR 08 thé Y1a8h aheflory ,arﬁh_?d execut ed-

f fd | ash bl
Systems to be pr BORHGETYRERRY FEbagreces Hie T maRrg iRk poglabie” T ©°

Lastly, users enjampliterstpravidinlg pserf functions similarise those of disktbased|
di sk-t o- DRAM boogysgémg.t i on and software downl oadi ng steps are

el i m nat ed. For exang storing appli cat Lon software and
oper ati ng syst ArROdrexeenta %@Q%ﬁta‘ﬁﬂé romayercraly) and, pepeides; oy
virtuall'y sév@?il%&ﬁs B&boeh Bpsreth ﬁ%df&cﬂ%&é%%ﬁ@ﬁﬁx%@élrtéﬂw An RFA
al so prot ects g rilgtﬁ sof t war e, gbsol e&sagég because %Qﬁ

is in- &%y ise st G Fhe SpRRARBeYStT b TR ORFS o H8her

t han di sk, co@ﬂﬁmdmdmttwfrsystem RAMdrequiredaipeexesyts BXDS i regncedt y .

Because erasing gpgh 86k b 181 thdtebf bhSSRiNE SPétém Sptebritf pBietY
' Secondly, DOS can now be permanently stored in, and executed from,
a single ROM-type of device such as flash memory. This enables
systems to be provided that are ready to run right out of the box.
Lastly, users enjoy “instant on” performance because the traditional
disk-to-DRAM boot function and software downloading steps are
eliminated.

For example, by storing application software and operatmg
system code in a Resident Flash Array (RFA), users enjoy virtually
instant-on performance and in-place code execution. An RFA also
protects against software obsolescence because, unlike ROM, it is in-
system updatable. Resident software, stored in flash rather than disk,
extends battery life and increases system reliability.

Because erasing and writing data to flash memory is a distinctly
different operation than rewriting information to a disk, new software
techniques have been developed to allow flash to emulate disk
functionality. File management software such as Microsoft's Flash
File System (FFS) allows Flash Memory components and flash cards to
emulate the file storage capabilities of disk. Microsoft’s FFS
transparently handles data swaps between flash blocks similar to the
way MS-DOS handles swaps between disk sectors. Under FFS, the
user can input a MS-DOS or Windows command without regard for
whether a flash memory or magnetic disk is installed in the system.
Flash filing systems make the management of flash memory devices



different operation than rewiting information to a disk, new software
t echni ques have been developed to allow flash to enul ate di sk
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later, the contents stored at the specified address are output from the

flash chip. It is only after the data has been output from the flash chip

that the next address to be read can be sent to the flash chip. A high

speed bus like the local bus can run at 33 MHz wherein every cycle of

the bus takes about 30 nS. A typical high performance flash chip, on

the other hand, has a read access time of about 80 nS. Hence, if flash is

to be used as main memory, every single memory access to flash

involves wait states and zero wait state back to back burst read cycles

from flash cannot be supported. This is true for other devices having

a read latency similar to that of flash memory. Thus, using prior art

- technology, it is not practical to use these memories as main memory
for a high speed microprocessor.
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SUNMVARY AND OBTEURMMMARY ANTHOBIECIS OF THE INVENFHQN:f or e, one obj ect of
the present inventi Orrhe@efo@e,pdiﬁ?e/bﬁj%cﬁbf the pres&ftfmvemikbn % ibw protider am chy

data and appi | oot BERbYy Kikahy based of bl vollBMbhatINabts 200
and further whevelatileppemoayiwherein both data andapplications aze isyoreddm t he
random access neRpyGhfhb e@s %mbl/atxle memory and ﬁlutthéxs wiereird Bpplic&sénof

this inventionis to enaéﬁ mermrg Beratl nanotlmal
synchronous f as @@ SXFHiR 9er§6' andom accs%n n-volatlle memorny; ; o
al so an object of t hlISlsl algonin objectsof this haindreticr issto emabie flash memary

operatc ' an opt ok GURCH Rl GRS Pl SHRE I Honons

menory, and to &usninate the time required to transfer code and data

I Lom the hard disk t ‘it)fé"ﬂfs?%”oﬁg@%ﬁ’thxs invention is to énablé fRisRGnéfa?yj ect of
I's invention to ena

to operate in an optima S)ynciu'onous fashion with any synchronous

bus to provide a low cost, low power alternative to volatile main

memory, and to eliminate the time required to transfer code and data

from the hard disk to the main memory.

It is also an object of this invention to enable flash memory to
operate in an optimal synchronous fashion with any synchronous bus
so that the CPU can execute programs directly out of the flash memory
without any degradation in performance when compared to volatile
memory based main memory.

It is also an object of this invention to enable flash memory to
operate in an optimal synchronous fashion with any synchronous bus
and to thereby eliminate the need to incorporate costly memory
subsystem designs such as interleaving into the system.

It is also an object of this invention to enable flash memory to
operate in an optimal synchronous fashion with any synchronous bus
and to thereby support back to back burst cycles and thus ensure that
cache line fills are performed in a quick and optimal fashion.

It is also an object of this invention to enable flash memory to
operate in an optimal asynchronous fashion with any asynchronous
main memory bus.

It is also an object of this invention to enable flash memory to
operate in an optimal asynchronous fashion with any asynchronous
main memory bus to provide a low cost, low power alternative to
volatile memory based main memory and to also eliminate the time




operat e in an optimal synchronous fashion with any synchronous bus

so that g’ can execute prograns directly out of the %fl:'g’ip oory
wi t hout any Madation in per f or mance when conpared to v it 62

menory based nain nenory. It is also an object of this

i nvention to enable flash nenmory to operate in an optimal
synchronous fashion with any synchronous bus and to thereby
elimnate the need to incorporate costly nenory subsyst em desi gns
such as interleaving into the system -12- It is also an object of
this invention to enable flash nmenory to - operate in an optinmal

synchronous f a?étitﬁPed\&é frafisfer ode @4 R the hard @8R tthéfiﬁéi&hby. support
back to back burst cycles and thus ensure that cache line fills ares

performed in a™ft'@kYand optimal fashion. ~ It is also an object"
of this invention t& isralst anfobjedt ofcthis invention to enable flash memany dot i nal .

asynchr onous f RS
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vol atil e mem)r%hased nai n, Tenor, an%nd to so elimnate the tine
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mai n Bﬁoyate in an optimal asyh&hio?to%%sﬁsﬁi% O%t‘?lcﬁr;f aﬁﬁﬁ'&tﬁ‘ohB gntion to

enable flash ne ?ﬂfﬁ) ate In an opt| onous ashl on
with any asyncm‘adﬂdﬁgmwy bus o ediminate, the Beed, to aveQiStemMy can execut e
prograns directbntrollers. out of the flash nmenory without any degradation |r‘

per f ormance It is also an object of this invention to enable flash memory to

operate in an optimal asynchronous fashion with any asynchronous
main memory bus to provide a glueless interface to the existing main
memory controller and thus reduces cost and loading on the local bus.

A flash memory chip that can be switched into four different
read modes is described. Computer systems and hierarchies that
exploit these modes are also described. In the first read mode,
asynchronous flash mode, the flash memory is read as a standard
flash memory. In this mode, the reading of the contents of a first
address must be completed before a second address to be read can be
specified. '

In the second read mode, synchronous flash mode, a clock
signal is provided to the flash chip and a series of addresses belonging
to a data burst are specified, one address per clock tick. Then, the
contents stored at the addresses specified for the burst are output
sequentially during subsequent clock ticks in the order in which the
addresses were provided. Alternately, if a single address is provided
to the flash chip when it is in the synchronous mode, the subsequent
addresses for the burst will be generated within the flash chip and the
data burst will then be provided as output from the flash chip.

In the third read mode, asynchronous DRAM (dynamic
random access memory) mode, the flash memory emulates DRAM.
Thus, row and column addresses are strobed into the flash memory



when conpared to volatile nenory. It is also an object of

this invention to enable flash nenory to operate |n an o timal
asynchr ono¥22#39%on wi th any asynchronous mai n nmenof ”ﬁﬁa to
elimnate the need to have custom controllers. is
al so an object of this invention to enable flash nenory to operate
in an optimal asynchronous fashion with any asynchronous mai N nmenory
bus to provide a glueless interface to the existing main menory
controller and thus reduces cost and | oadi ngzon the | ocal bus.

A flash nenory chip that can be switched into four different read

nodes is describ r e s}iﬂgaﬁa

t hese nodes are gﬁ 5(;%%(%%llabceczé‘ﬁ.ﬁ&1 H@#’é&g sgllsot‘i‘)@%)rl g sh memo’y%ronous
flash node, the ¢onEEtstheoraw jand eolymp; agdzessas internally intora gingleerory. In
thi=5| ”Pdg, btpe ri‘@d‘ié&ﬂaﬁg rb@xdé%rﬁs%ﬁtﬁu@fth@gﬁtd Stbred at thataiitfleagidresst be
conpl eted before econd "aqgr es e read can c

In the second reB ﬂ?ﬂ"&ibf}ée %&Iﬁn%ﬂéy cf?eéII}%IPeed & ex£ "éﬁgi is
provi ded to the pi-ethhrgmpmadcbratoslm rdsesbkdaddtmne&dm&wobmgous DRAM o a
data burst are s ' h\sdls

contents stored )g‘t%ﬂ[ Eﬁéjgagtgg%%gg g%ﬁdg%%ché%ﬁst argﬁgﬁffrg?h
sequentially dur?)f@ess% &@&k Therefo lierl“fh@&g@'aﬁ}fﬁ‘%?%wq he

addresses were pDMM%odé' El@ﬂé’élf-‘irﬁbmbxfy darb b ¢bAtrellddansa istariiapdi ded
to the flash Chlﬁkm in the synchronous node, the subsequent

addresses for th ’be generated within the flash chip and the
data burst will then heﬂpsf ﬁoumlhdeaad modegsyrichoonohs DR ANhmyide, the

|0 he thid T eaflaide orBRGRERNENS EBANCAKE 368 Bombiged 16 gm!&@

menory) node, the ow an oI urm

addresses are stWemery thas etlﬁ-dafelsﬁ synwenpus DRAMyoThwisgaddresses to be
PCT/ US95/ 07062  read as a data burst are specified by strobing row and column addresses

into the flash memory using RAS and CAS signals. The data of the
data burst is then provided sequentially as output from the flash
memory on subsequent clock ticks. .

Other objects, features, and advantages of the present invention
will be apparent from the accompanying drawings and from the
detailed description which follows below.




- 13- using row and colum address strobe signals. The flash nenory
t hen converts the row and col unm addresses internally into a single
address AYR9§3483 des as output the data stored at that si pgrasesisiess.
Furthernore, although the flash nmenory does not need an extended

precharge period or to be refreshed, when in the asynchronous DRAM

node,  the flash nmenory responds to precharge periods and refresh

cycles as would a DRAM Therefore, when in the asynchronous DRAM
node, the flash nmenory can be controlled a standard - DRAM
controller. In the fourth rea node, synchronous DRAM node,
t he f eatyd ! . 4, modes are conbined to yield a

flash 2 82 PRAM  Thus, addresses to be
read as a data bur stleprespnt:ufveaﬁohwsallustbafedb %N of PO anldmeises

into the flash @ t.he ..

data burst is tlff}iﬁﬁ?ﬁ?{%\‘;xﬁ JH g S%%? |§€?y§drg9 m&t&?a"g’%g?hgl ghhke
menory on subsé& ces| #?é!@-ﬂaf elements, and lm‘ﬁhtc bj ects, features, and
advant ages of the pRger 1 illustritesa computer‘@?rhien@?ta@ﬁfsgﬁﬁeiﬁicré %Jclﬁ
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PCT/ US95/ 07062 Figure 2 illustrates computer system that combmes a sfa&c

BRI EF DESCR PTiifrdrobbisoP3eith {Ftash main memory to form a low power
consumption, but high performance, computer system;

Figure 3 illustrates a flash memory subsystem that interlaces
several asynchronous ﬂash'memory units to support synchronous (
back to back data burst read cycles;

Figure 4 is a timing diagram that illustrates a read cycle for an
asynchronous flash memory;

Figure 5 illustrates a state transition diagram for the flash
memory subsystem of Figure 3;

Figure 6 illustrates a block diagram of a flash memory
integrated circuit having a synchronous flash interface to support
synchronous back to back data burst read cycles from internal banks of
flash arrays;

Figure 7 is a timing diagram that illustrates a back to back data
burst read cycle for the flash memory having the synchronous flash
interface;

Figure 8 is a block diagram of a computer system illustrating a 3
generic synchronous flash interface flash memory unit coupled to a
microprocessor using a high speed synchronous bus and bus specific
glue logic;

Figure 9 is a block diagram of a flash memory integrated circuit
having an asynchronous main memory interface;

Figure 10 is a timing diagram that illustrates a column and row
address multiplexed asynchronous read cycle for a flash memory
having an asynchronous main memory interface;

Figure 11 is a timing diagram that illustrates a refresh cycle for a
flash memory having an asynchronous main memory interface;



The present invention is illustrated by way of exanple and not
l'imtationydleddagsel | gures of the acconpanying draw ngs, in Wrﬁfsﬁ/b‘}éﬁz

references indicate simlar elenents, and in which: Figure 1
illustrates a conputer system having a m croprocessor that is
coupled to a flash main nenory by a high speed bus; Figure 2
illustrates conputer systemthat conbines a static m cr opr ocessor
with a flash nmain nmenory to forma | ow power consunption, but high
per f or mance, conputer system -BBrgure 3 illustrates a flash
nmenory subsystem that interlaces several asynchronous flash nmenory

units to support synciRgneUR is a blockodialgram dfoark asigichrbnoas maadnem:irys

asynchr onous 1| aONSHERBAJRALS ihiite 5*4*“3&9‘%3“@5‘ e §f¥afsae%‘§9*£°'?"at

transition di agr imegoatedrgirquitbaving the amnhrgmgua)mnememory intersace;

Figure 6 illustrates %h@cjg aagj}r?@m h:oﬂgﬁ?lws stem thatisegaat ed
circuit having a s nc% no ? lash intefface to Eﬁ y flash synchr onous
back to back dat SYHamie AR emc%qeé%m%m Fomiraler tihagcesyp fas 9¥sh

arrays,; based Gsgtictrofious main Memorli agerface Bitgle lihtline memory back
to back data odgtjrst read cycle for the flash menory having the
synchr onous flasf i nterface; gure 8 is a bl ock

di agram of a conput er Figirech# isla blockadirgram of a flash @@mfo’clnﬁ%ﬁéfﬁdoﬁmt
flash interface Bh@ﬁ% rclﬁré&%ds ﬁ-%lﬂhﬁgn{&yqnterface’ mjcr oprocessor using
o) us b

a high speed synchr us a eC|f|
Figure 9 is a block di éﬁﬁr& %(J]P Pg th?gﬁstgmrgm%usesa
havi ng an asynchgspnchonous iy yrandbnt fieress memory controlleFtgareest@ i s a

timng di agram t@%&{} x*\éﬁﬁ?%&ao %%l%é{ﬁ%mwaﬁ?%exﬂow mégﬂ\rc ik pl exed

asynchronous rea Menory asy ronous
mai n nenory i nt elihgceemory module. Figure 11 is a tim ng d| agram t hat
illustrates a refresh cycle for a flash nenory havi ng an asynchronous
main nmenory interface;
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mMenory wo 9s5/34030i nt erf ace single in-1Tine menory nodul e fopcrivsedidresh nenory
integrated circuit having the asynchronous main nenory interface;

Figure 13 is a block diagramof a conputer systemthat uses a

dynani ¢ random access nenory controller to access a flash nenory

based asynchronous main nmenory interface single in-line nmenory

nodul e; Figure 14 is a blqﬁ di agram of a flash nenory
Integrated circuit havi ng a synchronous main nenory interface; and
Figure 15 is_ag t | 3002 a conputer systemthat uses a

synchr onous &dfkiale oo aco®ss Menory controller to access a :
flash menmory base®Figyrechillustratesraicontpauter pystetre10® ochegeingl e i n- line

_ gecg) [Jéggfg%gt?'croproces\é\gr 120 f’s49§i9pled to ﬂash memory 130 by high sp_é}fg_bus _
. DETAI LED DESCED.PTa obmputer system 100, flash memory 130 is used to repltacgure 1 --
L1 ustrates BoR@TBUAGE alt)f G8IaHI0 niliRBkfhory (not sHbWN)PTHES Fish 110 1 S
coupled to rr?ésmorr;le 150 ¥s used i lieuof 3&%&& main memory such as dynamic
random access memory (DRAM) or static random access memory
(SRAM) to provide a high speed non-volatile main memory for
computer system 100.
A computer hierarchy based upon volatile main memory loses
all information in main memory when power is turned off. A flash- - - (
based non-volatile main memory, however, reduces or eliminates the
lengthy process of obtaining 'ihfermation'fmm disk when power is
turned on. Therefore flash main memory based computer system 100
“has higher system performance when a program-is initially executed
than would a volatile main memory based computer system.
Furthermore, by using flash-memory as a main store, the —
duplication of shadowing information on both disk and RAM is no
longer necessary thereby reducing memory cost by eliminating
memory duplication. -
Moreover, by having information stored in non-volatile flash’
memory, power consumption is reduced because battery backup of
volatile memory is eliminatéd and because disk accesses are
minimized or eliminated. S
Figure 2 illustrates a computer system 200 wherein static
microprocessor 210 is coupled to flash main memory 230 and battery-
backed SRAM 240 by high speed bus 220. Bus bridge 280 couples high
speed bus 280 to low speed bus 260. Slow non-volatile memory 250 is ---
coupled to low speed bus 260. o
In a typical modern volatile main memory based computer
system, there will be four to eight megabytes of volatile main
memory, of which, approximately half will be used to store an
operating system, executable code for applications and -non-changing

data files. The rest of the main memory typically contains data files



120. In conputer system 100, flash nenory-130 is used to replace
some, if nglo @Alsleseof volatile main memory (not shown). Thusgcfr}t%%)omsz

menory 120 is used in lieu of volatile main nenory such as dynamc

random access nenory (DRAM) or static-random access nenory (SRAM to
provi de a high speed non-vol atile main nmenory for conput er- system
100. A conputer hierarchy based upon volatile nmain nenory

| oses all information in main nmenory when power is turned off. A

fl ash- based non-vol atile main nmenoryl7-however, reduces or
elimnates the | engt hy process of obtaining information from disk

when power is  (and ekemablewode Foe irfrequerttlyabedrapplioztions) thatsark wadput er

st em 100 ' . s, knitiall
execut ed {5088 S FaRlert T BB PRI R BRSO o 711
Furt hernore, by 6tored injwhat isrearampndy referrgdntosapireadimestly” files theat i on

of shadow ng i nf gitfEiy08 dFinkstifatiirtls stafediMhiltat’i9 commonly féfeffedtOCRSSary
t hereby reduci ng, nem limnatin

.CQst by e mor u ation
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power consunpti oto store ehelceat hresstlysfileb andeSBAM 240 Ds ased to storetheatil e

menory is elimn | are mnimzed or
el i m nat ed. ?éa‘?ij/‘ﬂﬂge E&%&?{E?ﬂﬁﬁgﬁﬁgﬁégﬁg conmput er system 200 wherein
static m cr opr 3behenefifs obtainahle hycusing & ¢omAUtATiSy's ayinge and
bat t ery- Haﬁm@exﬁBAE/baééa Raih ifEmoPP AfchiBicturedf syB¥em2000i3ehedBO0.

u Sl ow non-yvol atile

coupl es high ) spe s 280 to | ow speed bus, 260.

menory 250 is luuStraé%‘ggﬂYéH‘aPEP ovg’o"é}%’éﬁ tﬁﬁ*sa pasiod had 2 computer and,
typi cal nodern vfreguehtly used tiverconypintes ¢nl acwinddws operating systeam t here
wll b € four to ?#19@5111%@8@%5‘35 Of fwo‘i%{ gfdclegsd}eiﬁ})lication $5’W@’ let@%s ‘."’h' ch,
approxi mately hal'tT W € used to store an operati ng system
execut abl e code Furthepsuppase that thadisen eccasionplljyused the compatter ta-playrhe
rest of the nmi nvmgymbgpi cally contains data -files WO 95/ 34030
PCT/ US95/ 07062 :

Because most computer operating systems (and applications)
are designed to be executed from random access memory (i.e. memory
that can be read from and written to), no effort is made to divide their
memory address space into read only and read/write areas. In
actuality, very little of the memory address space will be written to.
Most of the memory address space will be read from to provide code
instructions and data that infrequently changes. '

ROM-able programs are written to provide code that can be
executed from read-only memory (ROM). In ROM-able programs, the
code is carefully written to ensure that most of the memory address
space is read-only. If there are any parts of the program memory
: address space that must be written to, these parts are contained in a
separate read /write memory address space (that can be saved to a
read/write memory device). ROM-able versions of Windows, the
underlying Disk Operating System (DOS), and popular applications
such as word processing programs are currently commercially
available. ,

Thus, the user of computer system 200 can benefit by storing the
read-only parts of ROM-able DOS, ROM-able Windows and a ROM-
able word processing program in flash memory 230. The read/write



-17- (and executabl e code for infrequently used applications) that

are read fromand witten to frequently. The forner type of

i nf or natW@AS/34930 stored in what is conmonly referred®CTHIN§OT062ad
nostly" files and the | atter type of information is stored in what
Is comonly referred to as "read/wite" files. In conputer system
200, flash nenory 230 is used to store the read nostly files and
SRAM 240 is used to store the read/wite files that are currently in
use. The benefits obtainabl ggby using a conputer system

havi ng a ~flash nmenory based main nenory architecture of system 200

;ﬁdbest fr&éfl | u r at ed.:)b"y‘i ex%ﬂg&ﬁsfﬁ% e thiiﬁg ‘(ysigéqt}ﬁd a CB%rrputer .,
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Further suppose thajpdd)&y "thé’ﬁﬁé’:sétﬁﬂi" r%zﬁ:’sygﬁn{:%@% WriteCa P! ay
Fhe DGRl

vi deo ganes. ecause r°operati ng stens (and -
appl i cati ons) letter, thezpad @&F%W&?éaccess menory
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space will be these {typically small) filesvwill gai bedoaded from slow ppace will be
read fromto pysytiteme 250 to bd w&é&m%ﬂ%ﬁrtﬁiﬁtbﬁ & sgyently

changes. ams are witten _to ode t hat
can be andblow spee msr?éad r the MAjprRPRfts of Ahe W oVan PW§r ans,
t he codind wordriotkssingwp rbgmni vitirse residdret innweii-volatilb dlagshnor y
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cont ai ned i n amain mememp3 (hasasmas\thespsmoweasjupes& e, ittwlt can be

saved to a ai'%% £ ad BRI %h ?ﬁ %bestéﬁﬁ ﬂ§ tafly'V ndows,

t he und etbgq’ﬁ @er at | @/ em & le ar appl i cations
such as word p aﬂf) s3Rr lopded apddaeady tB&Wr’éer &9’

avail abl e. The user can then retrieve into SRAM 240 a file containing a

previously written letter to modify (from where it was stored in slow
non-volatile memory 250). Alternately, the user can open a new file
in the memory address space of SRAM 240 and can use the new file to
start an entirely new letter. |

After working on the letter for a while, suppose the user
decides to play one of the computer games stored in slow non-volatile
memory 250. In such a case, the program associated with the selected
game will be loaded into SRAM 250 and the game will begin.

B the user wishes to take a break, the user can suspend the
game and leave computer system 200 running. While the user is
gone, static microprocessoi' 210 will sense user inactivity and send a
powerdown signal to flash memory 230 over powerdown signal line
270. Then static microprocessor 210 and flash memory 230 will enter a
state of low power consumption.

Flash memory 230 and slow non-volatile memory 250 are both
non-volatile. Additionally, flash memory 230 will draw little power
when in its energy saving powerdown mode and non-volatile
memory 250 will not have to be accessed while the user is away.
Furthermore, because microprocessor 210 is a static microprocessor, it



Thus, the user of conputer system 200 can benefit by storing the
read-only rts of ROVt abl e DOS, ROM able Wndows and a ROW abl e
word proce ogramin flash nenory 230. The read/ w it e PCT/USIS/ABE2
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- 18- parts of these prograns and the rest of the applications and
files can be stored in slow non-volatile nenory 250. )

Then, when the user starts conputer system 200 to wite a letter,
the read-only parts of the DOS, W ndows and.fighe word processor wl|
be resident in flash nenory 230. If these prograns need any

read/wite files w&xp ?feg\f\}/(r\ﬁ)fﬂhfé)géﬂp b lv?ﬁ'l dfegélﬂl@?gﬂa]?é‘%hen it entersi&Se

(typically small
vol atile menory 98¢ mpdecMozeaker, Ahe sead/ wride filesigaclugling the

and | ow speed bU&x&ﬁﬁablbrto‘&ﬂéCfb? thé BemeEdseired ah Lattety backddBRAM 40weill
and word processi ngggro rans Wi l|l De resident in non-volatile flash

menory 230 and cBR ecuted in place directly fromnon-volatile
mai n nenory 230 as sodatexswiten thesusan netunss thep gaimiestanf be epniinued lalmost

appear to the us ' oh t t |y
Wi th the word prgﬁ:sessoi % Bhg% rea?/yﬁt‘ggnggﬁ%t:bg%%a i lé BetAe, Y
The user can theBveRthough tiiepowerowill e consymed w.lh’g! ﬁ‘e user is
previously wri ttﬁ%a&?tﬁ@état@o érf§ ran260 &vill beVPétaiiied ed i n sl ow

non-vol atile rrermry20 Al tern ae use can e f|Ie

in the menory address E%En(?f 3 éﬁﬁr &ﬁm e

start an entirel Windowsopenting systems or to upgraée 'che prograny Istaried meﬂaSélr for
a while. SUPPOSCnidif disbry 230, this!Rfll Beedsf 18!t/ b@iEse lof tHE A6AY b SATiBATES

stored in slow non-v
to flash memory. The erasing and then programming operations

required to write to flash memory will mean that it will take longer to
store programs in flash memory 230 than would be the case where the
main memory was volatile memory such as DRAM. Installation of a
program, however, is performed infrequently and is usually a
relatively prolonged process anyway. Therefore, the extra time
required to install a program into non-volatile flash main memory
230 will usually be insignificant when compared to the benefit of
having the program instantly available for execution from non-
volatile flash memory 230 whenever system 200 is started.

The ability to write to flash main memory 230 further means
that the user can install a different program in place of (or in addition
to) the word processing program currently stored in flash main
memory 230. Therefore, the user can switch to a rival word
processing program by installing the rival word processing program in
flash main memory 230. Alternately, the user can, for exampie, install
a spreadsheet or graphics design program in flash memory 230 in
place of the word processing program that is currently stored there.

Moreover, provided there is sufficient room in the flash
memory 230, the user can install additional applications there. Thus,
for example, if the user has a particular computer game that is the
current favorite, it can be installed to reside in the flash memory 230.



menory 250. In such a case, the program associated with the sel ected

gane will be | oaded into SRAM 250 and the gane will begin. | f
t he userwio9sBR#030t 0 t ake a break, the user can suspend thePCT/USISH70$2ne and

| eave conputer system 200 running. Wile the user is gone, static

m croprocessor 210 will sense user inactivity and send a power down
signal to flash nmenory 230 over powerdown signal |ine 270. Then
static mcroprocessor 210 and flash nenory 230 will enter a state of
| ow power consunpti on. Fl agg menory 230 and sl ow non-vol atile
menory 250 are both non-vol atil e. %I'di tionally, flash menory 230
will draw little p r when in [ts engrgy savin ower down node and
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r et ai ned. these performance preblems. Onetapproad isoferithe opevatimgr ade t he DOS
or Wn (=P din
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bbiTity to e iiead-ony whilg iRé apRlizaon is Sxertiitas e 4hae APRLGRERR armi ng |
oper ati ons attempts to write to flash main memory 230, an interrupt will occur

and an error handler can cause the write to be redirected to SRAM
memory 240. Later, when there is a lull in processing, the
information can be written from SRAM 240 to flash 230 as a
background operation. In effect, a portion of SRAM 240 can be used as
a write cache for flash main memory 240.

One benefit of using a portion of SRAM 240 as a write cache is

- that applications stored in flash 230 do not need to be ROM-able.

Another benefit is that the write areas of the application memory
address space will probably be relatively well localized. In the
fortunate case where this is so, any subsequent read or write
operations to the write cache will benefit from the faster access of
SRAM 240. Also, because it is frequently the case that the information
to be written back to the application memory space is ephemeral (i.e.
not to be saved from one execution of the application to the next), any
ephemeral information in the write cache when the application
terminates will not have to be written back to the flash memory 230.

From the above example, one can see that, when compared to a
computer system that has the traditional volatile main memory based
architecture, there are many beneficial and synergistic effects that stem .
from having the non-volatile main memory computer system
‘architecture of computer system 200.



required to wite to flash nenory will mean that it will take longer to
store prograns in flash nenory 230 than woul d be the case where the

mai n menor YWRA¥34P3% at il e menory such as DRAM I nstallation ofCEHUS9507062
program however, is perforned infrequently and is usually a
relatively prol onged process anyway. Therefore, the extra tine

required to install a programinto non-volatile flash main nenory

230 will wusually be insignificant when conpared to the benefit of
having the programinstantly avail able for egpcution from non-

vol atile flash nenory 230 whenever system 200 is started. The
ability to wrltetofl P 5%3{& t the
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WO 95/ 34030 y ’ y
PCT/ US95/ 07062  than would be required if shadowing of these files was requifed.
s it T S WA M A P e,
nmenory can be w idetail, wnlike asynghyoppus (¥ rbrW§t read can be
made to flash memory 230. Thus, a cache line for internal cache 215 of
microprocessor 210 can be filled from flash memory 220 faster than
would be the case if asynchronous DRAM based main memory was
used.

Fourth, SRAM 240 can be written to, and read from, faster than
can volatile DRAM. Thus, a cache line of internal cache 215 of
microprocessor 210 can be filled from SRAM 240 faster than would be
the case if a DRAM based main memory was used. Also, programs
executing from SRAM 240 can be accessed, and hence executed, faster
than would be the case if a DRAM based memory was used.

Fifth, a portion of SRAM 240 can be used to provide an external
cache for flash memory 220 thereby further enhancing the execution
speed.

Sixth, a lower performance microprocessor can be used to
provide the same level of performance as would be the case if a
DRAM based main memory was used. This is because the low
bandwidth constraint of a volatile DRAM based main memory caused
by the need to load the operating system and programs will be
eliminated. The operating system and programs are instead stored in
non-volatile flash main memory 230. This is also because in system
200 there will be a better match between the data and program
instruction needs of microprocessor 210 and the ability of the flash

01



standard applications to execute in place fromflash nmenory 230. The
asymmetric read/ wite nature of flash will, however, cause a

performameessozd ty to be incurred when standard (i.e. “O@C‘?ﬂggsmmsz
abl e) prograns are executed in place fromflash main nenory 230.-

There are approaches that can be used, however, to mtigate t hese
performance probl ens. One approach is for the operating systemto
mark the nenory address space of the application as being read-only

while the application is executing. Then, jf the application
attenpts to wite to flash main nenory 2305 an interrupt wll occur

and an error h I use the wite to be redirected to SRAM
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t he non-vol at i PEOGeSFOr tedrbuseds onput er system architecture of
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PCT/ US95/ 07062deep powerdown mode until they are needed, further energy savings

will result.

Thus, a non-volatile read /write general purpose computer
hierarchy can be achieved with the architecture described above when
the dominant portion of main (execute) memory is flash memory.

Depending upon the requirements of system 200, archival
storage (i.e. slow nonvolatile memory 250) may or may not be present
in the system. If it is present, the needs of system 200 can govern the
technology used to provide it (i.e. mechanical, optical or solid state).
Also, depending upon the particular needs of the system 200, baﬁerjr-
backed SRAM 240 can alternately be replaced by non-volatile RAM
(NVRAM), electrically erasable programmable ROM (EEPROM),
DRAM, SRAM, or battery-backed DRAM.

The underlying theme of each of the above configurations for
system 200 is that the CPU of microprocessor 210 is fetching code
and/or data from random access non-volatile (flash) memory 230 and
writing back different data and/or programs on an as-needed basis. As
described previously, the new information may or may not be written
to the same place in main memory. A RAM based system is
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first %gflied. Thus, there is no need to spend tinme and power

| oadi ng t 809584030 perating system and frequently used app?¢¥ﬁﬁ%ﬂﬁ¥?25uch
as the word processor into main nenory; they are already there and
virtually instantly avail abl e. Second, there is no
need to store a copy of an operating system (e.g. DOS and W ndows)
or to store frequently used application prograns (e.g. the word
processing program) on slow non-volatile _p3. nenory 250. Thus, sl ow
non-vol atile nmenory 250 can be snall er than woul d be required if
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gU el imp
syst em and progr o howexver,a igher ayerpl] system pertormance is provi
The key to each of these configurations is that a flash memory

is used as a main memory and is read at a speed that approximates, or
surpasses, the read access speed of DRAM. There are basically four
possible ways that this can be accomplished. The first way is to
provide a hardware controller that interleaves read operations to
more than one conventional asynchronous flash main memory chip.
Multiple Chip Interleave for chronous Flash Main Memory

Figure 3 illustrates a flash memory sub-system wherein four
flash memory integrated circuits 320 (#1 through #4) are interlaced
under the control of a controller unit to provide a burst read
capability. Although Figure 3 shows four flash integrated circuits 320,
it is to be understood that if the data width of each individual
integrated circuit 320 is not that of a double-word, an appropriate
number of flash integrated circuits 320 would be provided in parallel
with each of the circuits 320 of the figure to provide a double word
tdata width. In this example, the controller is implemented using
fully programmable gate array (FPGA) 310. In alternate embodiments,
the interlace control is provided using alternate technologies.

Figure 4 illustrates the read cycle for a typical asynchronous
flash memory such as flash memory integrated circuits 320 of Figure 3.
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non-vol atile flash main nmenory 230. This is al so because in system
200 there will be a better match between the data and program

i nstruct worps3eeds of m croprocessor 210 and the ability opctiosesioressh
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-22- 230/ SRAM 240 based main menory to supply themthan woul d be
the case with a DRAM mai n nenory system This will result in f ewer
idle wait states for m croprocessor 210. Frequently, m.cr opr ocessor
210 will be able to operate with zero vval_h st at es. Therefore, even

t hough there will be fewer cycles in whi m croprocessor 210 can do

wor k because it is _a | ower performance mcroprocessor fewer of the
cycles that ar Eromdiigurg 4itcan brseen that before apdaftersoreag oyclothedatacd whil e

tS he m ﬁ r ogr ocelifies (DOUD of ﬂ&-ﬂaszh glemo mdez-ﬂmeaa(mdl:cated in the f
event ecauge m cropracessor 210 c e wer. ¢ rate for.
a given |evel 5‘1{)%?? Ual ge%ﬁ’rﬁ @Fﬁﬂ? @laérs}ﬁ rdagiélwll]avsiqegsglaced into
expensi ve, havalﬁghampedancelsmepatlon probl ens and use | ess power

than i1 2 DRAM basedniab GaRIof FiBfte A BRI R e Baldifibfof ou

. u .
Pl ach 230 can ENDE (QER) and chipanabls, bk Fightiadram ow ThiEgEs FUL ﬁégd?‘”d

further energyhigly Vigs Next, if itisl hotr aiseddy. hlgh a write enablél(WE#)psign
o vl e LA HATEE o e B e BB R o
portion of mai readciseplaced ondheagddressipins KAgethooygh A19) of the flash Dhimndi ng
upon the requi fRERNLS sQired 't theadlPessHpelifted is then retrieved internally
from the ﬂash'array. The read process takes a known amount of time (
that is constant. Once that amount of time has elapsed, the OE# signal
is brought low and the data that was read from the specified address is
driven by the flash chip out onto the data lines (DOUT). The read
cycle ends when the CE# and OE# signals are again brought high
(perhaps to begin the next read cydle).
Note in Figure 4 that a new address to be read cannot be
specified until the previous read cycle has cbmpleted. Therefore, a
single standard asynchronous flash memory unit cannot be interlaced
- to support rapid, back to back read cycles. One must instead wait for
the first read cycle to complete before a next read cycle can be begun.
The total access time of a standard asynchronous flash
component (TACC) can be divided into two parts. First, there is the
time to decode addresses and chip enable, select the correct bits in the
flash array to be read and then sense their stored data (TACC-TOE).
Second, there is the time required to drive this information onto the
data bus through the output buffers (TOE). Once a single address for a
data burst read is known, the rest of the addresses of the data burst
read are also known. Therefore, referring again to Figure 3,
interlacing exploits this property of a data burst to amortize the first
access time (TACC-TOE) across two or more flash chips to provide a
burst that has an improved average read access time.
Consider the case of a 20 MHz synchronous local bus (i.e. each
clock cycle takes approximately 50 nS). At that speed, a typical |




st orage (i'.e. sl ow nonvol atile nmenory 250) may or nmay not be present
in the system If it is present, the needs of system 200 can govern the

t echnol ogygy 4d39 Provide it (i.e. mechanical, optical or petisSosiradae) -
Al so, depending upon the particular needs of the system 200, battery-

backed SRAM 240 can alternately be replaced by non-volatil e RAM

(NVRAM, electrically erasabl e progranmbl e ROM ( EEPROM , DRAM
-SRAM or battery-backed DRAM The underlying thenme of each of
t he above configurations for system 200 is that the CPU of

m croprocessor 210 is fetching code -2fAd/ or data from random access
non-vol atile (flash) nenory 230 and . witing back different data
and/ or prograns miicrprecesseesdl Havel s maddmum burstireadr ¢apadilityeof ist-¥, t he

how 110, 90 ! TRBY ol Uil B pssoprdceidesads Bty 1 i
PCT/ US95/ 07062 data, the burst will be made of four double-words of data thaf-are each
non-vol at 1 6, dobe e L T Ly ke pE LSRR Lot b, ROM
Flash is not a sSPRAUSS @‘ﬁf){ﬁsgéﬁﬁﬁ?sﬁﬁ?qggh s'%/#ew%l"?glbggt% ?'{CQPE e does
not allow for bytentehtsestehsd at hattaddeess fopéwoscyclésdapprodmatelyntfi 15 in
moved i nto byte BHE %rgﬁié@%@ﬁa‘g@@}%%ﬁéﬁﬂwQE%A‘&%@P* e
DRAM) , nodi fi ed, respective sontents ef theygecond, thixd m%% ﬁd%?ss% P the
al terabl e nmenorycsge g dapiagathe riExt@hbeeCdlogls cp¢lds.or i ntegrated
i actly by the Py { R mepiOLyhuBE 320 BaiPhe e a At G, ISs a2
el i mi nat es di sk doak dycles (appraximiately 85 nfianéha(TeE dessdhan4d 13 dhene
flash memory sub-system 300 will be able to provide a burst read that
matches the maximum burst read attainable by the microprocessor.
This is because, as soon as FPGA 310 receives the first address of the
data burst to be read, it will enable all four flash memory chips 320 and
order each chip 320 to read one of the addresses of the data burst in
parallel with the other chips 320. After the first two cycles, the data
stored at the first address of the data burst will be available from flash
320 #1. Then, on each successive cycle thereafter, the data stored at the
next address of the data burst will be available {(from flash 320 #2, then
#3 and finally #4).

This means that in this example flash memory sub-system 300
will be able to provide a data read burst of four double-words of data
during a five clock cycle period (approximately 250 nS) thereby
providing an average read time of approximately 50 nS. If
interleaving were not used (e.g. if only one flash memory chip 320
was used), the read for each address would take three cycles, (i.e. two
cycles for (TACC-TOE) and one for (TOE)) and each read would have
to wait for any earlier read to complete. Using the numbers presented
above, each address of the data "burst” to a single asynchronous flash
320 would take 150 nS. Therefore, without interlacing, the fastest
burst speed attainable would be a 3-3-3-3 data burst that would take 600

nS to complete (4 times 150).
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faster read performance than a di sk based system For writes, the wite
back is co arable in performance to disk. Because the read cycle is
faster, 0 2 higher overall system performance i s pPETIU$85/07062 _
The key to each of these configurations is that a flash nenory S
used as a main menmory and is read at a speed that approxinates, or
surpasses, the read access speed of DRAM There are basically four
possi bl e ways that this can be acconplished. The first way is to

provi de a hardware controller that interl egves read operations to

nore than one conventional asynchronous flash main nenory chip.

than or "
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From Figure 4 Address be seen that before and after a read cycle the data

0 #1 0
1 | #2 0
2 #3 0
3 #4 0
4 #1 1
5 #2 1
etc....

A data burst series of read accesses from memory sub-system

300 will proceed as follows: |

First, the processor will signal that it is to read data from system
address 0. Signal CE# will enable flash memories 320 #1 through #4
and signal ADDR will provide them with address 0. FPGA 310 will
decode system address bits A1 and A0 and, because they are both zero,
will enable the OE# signal for flash component 320 #1. Because this is
the first access to the four byte page, the access will take 150 nS (i.e.,
three 50 nS clock cycles). _

Second, the processor, executing seguential'code, will read from
system address 1. Components 320 #1 through # 4 will remain
enabled, and address (ADDR) inputs to them will remain as zeros.
FPGA 310 will then decode the "01" on system address bits A1 and A0,
and enable the OE# line for component 320 #2. Because the data for
component 320 #2 has already been selected and sensed, the access



lines (DOUT) of the flash nenory are tri-state (indicated in the

figure as his means that the data |ines have been p '

a high mp‘g)g%%‘émgt ate. The read cycle of Fi gh&@ﬁg”]()@é#ns
with the transition of output enabl e (OE#) and chip enabl e (CE#)
signals froml|ow voltage (V[err]) to high (VH). Next, if it is not
already high, a wite enable (WE#) signal Is transitioned high to
signify a read operation and the address to be read is placed on the
address pins (Alerr] through Alerr]) of the2Ftash chip. The data
stored at the address specified is then retrieved internally from

the flash array tireefor &dehn M@Otﬂﬁeféfbfé)mllamlynhaﬁ at50nxS delay t hat
I s ‘const ant . 6 t hat cgnag time has el apsed, the OE# signal S
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FPGA 310 will examine all upper address bits (i.e. AX to A22 in
this example), to determine first if the memory subsystem 300 is being
accessed, and then if access to the same page is occurring, and adjust
wait states back to the processor accordingly (via the READY signal
output). This function is accomplished by the comparison logic sub-
block 340 of Figure 3. |

Furthermore, FPGA 310 will distinguish between a read or
write to flash memories 320, and adjust wait states accordingly. Figure
5 illustrates a state transition diagram for hardware interleaving that
is implemented in FPGA logic 310.

State transition diagram 500 begins in initial state 510 wherein
the FPGA is waiting for an access to a flash memory 320 of sub-system
300. When the FPGA detects the beginning of an access to the flash
memory 320 of sub-system 300, a test is made in state 520 to determine
whether the access is to the same four-byte page as was the previous
access. If the access is to the same four-byte page as was the previous
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mi croprocygég%%‘m\s/\?l | have a maxi mum burst read capability &CTASPSAT062
bursts. That means that when the m croprocessor reads a burst of

data, the burst will be made of four doubl e-words of data that are each
part of the sanme cache line. Furthernore, once the m croprocessor
specifies the first address of the burst, it will be unable to accept the
contents stored at that address for two cygles (approximately 100 nS in
this exanple). Then, the m croprocessor will be able to accept the

respective contyefdss. @ent t?fns‘iﬁﬁﬂ &4 i% E%{%y@{%g{e%ﬂt Jl‘l(?g flé&%? %%qtfef Ht 22 h

cache line duri the next ‘threé cl .
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parallel wth ?‘l‘i&‘agfﬁé‘? 1:911”@8 the pexiageess %W#ilf?%«t two cycles, the data
stored at the first Retuiténg noww tdetat@530,30k51s détbimiredeivpitagdbsd fHAm f | ash

| 3
320 #1. Then, ! u ssive cycle thereafter, .the data stored at the
next addregg o?’q| % ﬁgﬁggisaﬁﬁﬁ?&a@opﬁrw%ggw Adransition is made,onpath, ¢ hen
#3 and final | y532o wait state(s) generation state 558 andadn apptdpriateaiber 6f ash

menory sub- sysiam ' H,tm] - ' urst of
f our )d/oubl e-wor.ds 8‘%@ Ebosla:%rg pc?rfor}%éd ur |e?1£gi‘l g’#?&gbg%@ggﬁegy%&p‘){ggﬁgﬂ%
(appr oxi mat el yﬂﬁ‘) QEnatoa, ispprogrammed. ovi di ng an average read tine of

approxi mately 50 nSRetirning now to sfat¢ 526f itds \WtermiledUinestatess 2 that onl y
' ad for each address

o o oo e el B o e st 5 g e e B e

for (TOE)) andadeaisitiemis meded®npath 522 to state 540 and a new address is
latched for the page compare. Then, in state 550, an appropriate
number of wait states are performed while the new four-byte page is
accessed. |

Note that the flash memory writes cannot take advantage of -
interleaving as can reads because there are no TACC or TOE
equivalents for write operations. Although memory sub-system 300
supports back-to-back read bursts and reduces the average read access
time for sequential accesses, it increases the complexity of the system
hardware required over that required for access to a conventional
asynchronous flash memory chip. |
As described previously, however, a write cache or software

interleaving techniques can be used to maximize program and erase
performance of memory sub-system 300. Furthermore, in the case
where a ROM-able program is being executed in place from flash
memory sub-system 300, there will not be any writes to the flash
memory during the execution of the program. In such a case, the
slower write performance of the flash memory will only be a factor on
the rare occasion that a new ROM-able version of the program is
installed.
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earlier read to conplete. Using the nunbers presented
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burst speed attainable would be a 3-3-3-3 data burst that would take 600
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Cl ock signal CLK coordinates the operation of flash nmenory

sub-syst em 300.

sel ected by conmon addresses A21 through A2
menory space. The hi gher order addresses (AX
4 Nbyte flash array ia¥yR S5 Rferfag

I n sub-system 300, four byt eégflash menory pages are
f the AX through A0

along with the RD# (r Bééﬂies ié@ﬂﬁilngl dd1ﬁRGé‘ys’iéﬁm compRitfyRSFFPGA

to.generate outp enabl e signals f h nent s
320 (#1 through 3 ey syf{ﬁ %ﬁg&#’ﬁ%ﬁ m 301 hgvett% h%%g%?
of flash sub- sysleam 800 flash memm'yaﬂeps @20 Ito fintesleave betwem&ﬁm}‘ inotgonent s -

320 as foll ows:
Conponent

0

2

#4

1

etc....

example of Figure¥3! %rﬁ@iﬁ&%o if additicH28I"P3ER Hremory ch1ps1
are to be added to sub-system 300, they:joo must (at least) be added in "
pairs. Mored¥er, each flash memory chip adfled to sub-system 300 is
enabled sim%ltaneously and, hence sub;system 300 consumes a large
amount of power. Alternately, an entire synchronous flash interface
can be incorporated onto a single flash memory chip.

Figure 6 illustrates a block diagram of a synchronous flash
interface (SFI) flash memory integrated circuit 600 that incorporates a
complete synchronous flash interface in a single flash memory chip.
The synchronous flash interface provides a means of converting the
synchronous cycles that appear from a controller to the asynchronous
protocol that the flash core understands. The device is internally split
into two banks and the least significant address is used to distinguish
between the two banks. In short the device is interleaved internally.
The user can direct back to back cycles to the alternate banks and, after
an initial delay equal to an asynchronous flash access time, data will
output onto the output bus at a rate that is approximately equivalent
to half the asynchronous flash access time. Hence, the device using
this interface creates an average access time for sequential read
accesses that is significantly less than the access time of an
asynchronous flash device.

A dock input is a part of the interface. An address latch enable
pin is present to indicate that a valid address is present on the address
bus. All the external operations of the device are synchronized to the
rising edge of the clock. ALE# is sampled on the rising edge of the
clock and, if it is sampled valid, the address that is present on the
address bus is latched into the part and an access commences. The
user can alternately strobe addresses into the device every clock cycle.
After an initial delay the data corresponding to these addresses is
output on the data bus in synchronism with the rising edge of the

.hrough A22i .decode t he
r( H 0] AO,

310

resses

#1



A data burst series of read accesses from nenory sub-system 300 will

proceed as foll ows: First, the processor will signal that it is
to read wavw34BOM System address 0. Signal CE# w | |pcamedys@rdel ash
menories 320 #1 through #4 and signal ADDR will provide themwth
address 0. FPGA 310 w || decode system address bits Al and AO and,
because they are both zero, w Il enable the OE# signal for flash
conponent 320 #1. Because this is the first access to the four byte

page, the access will take 150 nS (i.e three 50 nS cl ock cycles).
Second, the processor, executing sequenU%Q' code, wll read from

system address _1.. Conponents 320 #1 through # 4 will remui enabl ed,
and address (/Aipfy Theyser ean eyderthe FIFV‘FGHﬁifmnE@Fﬁ h‘Sh as 33pABZ 310 wi |1

then decode t hand &dn csbaélembdawﬁﬁt él&sﬁébé fesanedwxﬂmaﬂdnynable the

has al ready  SEHRSER o e A Ripag ‘%?sglsn i a progpadiiilio 0 "
PCT/ US95/ 07064atency that enables the user to define the clock cycle latency bew?een
time for conp f WI|| only have a 50 nS del ay

(;‘JCZ@}E s?i%ﬁ@an& vafia'dus.

(i.e., one cl en, simlar 50 nS accesses w |l
fol low for system J&cﬁ%@ the flash arra}gﬁgsgi 60Q iggdivided intoclaymbarkys #3 and

#4, Les pecti veflash bank A 610, and flakh Bahg. B1620. NRide regi sdtgr Gsméaisbé\iséhoaddr ess
Sycl o This w a0 gisable thd SRR TR WNeR AR IEEE 037 et nor oy
incurring an otmgmalfmtérlalcﬁ&nable (IE) eBables antetlace lchntrohlngle anfdragdressiponent
?20 #1. ;';hi fs It BH%’et@ctilﬁi"(ATD) logi¢ 590! frafSidfor-RPHah&i8id 18gfe New data
romeacn o (’l’%’L stages m%Zm)l:oaxﬁfselect logic 674 and bus logic 640. When SFI is {

enabled, interlace control 670 and bank select logic 674 operate to

interlace read (and write) operations between flash bank A 610 and

flash bank B 620 in a manner that is analogous to the way that FPGA

310 interlaced accesses to flash chips 320 in sub-memory system 300 of

Figure 3. Thus, a single SFI flash chip 600 can support back-to-back

read bursts when mode register 680 has been set to SFI mode.

In the SFI mode; an address to be accessed is presented to TTL

stages 672 on address buses A19 through A0 along with a clock pulse

(CLK) and an address latch enable signal (ALE#). Output enable and

write enable signals are also provided to TTL stages 672. Addresses

A19 through A1l are then provided from TTL stages 672 to bank A

address latch 630 and bank B address latch 632. Signals CLK, ALE# and

AQ are provided to interlace control logic and ATD logic 670.

Based on the low order bit of the address (A0), interface control

logic 670 controls bank A address latch 630 and bank B address latch

632 using signals address latch enable A (ALEA) and address latch

enable B (ALEB), respectively. Thus, interface control logic 670

thereby steers the remaining higher order bits of the address to be

accessed to flash bank A 510 or flash bank B 520. Signals address

transition detected A (ATDA) and address transition detected B

(ATDB) output from interlace control logic and address transition

detection logic 670 prepare flash array banks A 610 and B 620,

respectively, to be read.



320 is to be read. Once again, however, subsequent accesses to system

addresses 5, 6, and 7 wll each only have a 50 nS duration.

FPGA 310 dW@J8843Power addresses and, correspondingly, PCT/USEP63t s
OE# signals to flash nmenory devices 320 within an i nterl eaving
page. The earlier exanple was for a four-byte page, so addr esses Al
and A0 are decoded. For a two-byte page, only address AO woul d be
exam ned, whereas an ei ght-byte page woul d use addresses A2 through
AO. FPGA 310 will exam ne al [-3upper address bits (i.e. AXto
A22 in this exanple), to determne first if the rrermry subsystem
gggulrfi ﬁgl ngnd adj Bﬁﬁr{-}ﬁ.ﬁ'ﬁﬂp%/\eg/(;ﬁ@?(stat)6il ﬁ%ésqg rogessor cordl ngly
(via the READY s amﬂlesenseaam lifiers of %%&%{bw@e&m J§ by the

E 0 rrpﬁr i son | og :3 CGx'Ae&g?OData ML(IjX 680 aldo 4Qivek akiigpuesignal S/A OUT B from the
F1'ash monor| s 32000 APUPSLcE AR bailk BROTHHER paliflh & seag, Bank kLS 0

illustrates a stlogi 674hrenewesrslgnaigCd.d(,fALE#aml/\Aﬂe&sunput andpreyideasat

is inplenmented ig, o4 : Cam
500 bogi ns i n i SulpREli A vant et (BS). Sigral BS Sk hIcAR dats MK

access to a flasPPdshiias ibige ?@Jﬁegﬁﬁggﬁd fromi:anlg%@%%@@%éor an

detects the beglstéerrsgthefdam intoceutputt buffee 660aDutput bufferrésithen Wivest

The ateess i i oRERR R 5@8&%@9?&?&&&*&@&5%@ Bl of srradliet net

access. |f the achdps90is to the sane four-byte page as was the previous

WO 95/ 34030 Thus, if a read access is being performed when SFI flash 600 is
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access, then tr aRsthei Sl mode, themaxt address tqihe apsgssed can ?%E?g?% V#H’lfe to

the preceding access is being performed. If the next address to be read
belongs to the bank that is not presently being read, then the next
address can be steered to the appropriate bank (A 610 or B 620) while
the output from the previous access is being latched into output buffer
660 and is being driven onto data I/O pads 690. Also part of the design
is a programmable latency that enables the user to define the clock
cycle latency between address strobe and the presentation of valid data
on data I/O pads 690.

Alternately, more than two flash banks can be used in SFI chip
600 provided that an appropriate number of address bits are used to
select the proper bank. Thus, if four banks are interlaced, two address
bits would be used to select among the banks.

Figure 7 is a timing diagram that illustrates a sustained read '
burst cycle for SFI flash 600 of Figure 6. In Figure 7, synchronizing
clock signal CLK is operating at 33 MHz, therefore each pulse (T1
through T8) of signal CLK is 30 nS long. The read burst begins on the
rising edge of clock pulse T1 when the first address to be read (ADDR
0) is placed on the address pins and address latch enable signal ALE# is
brought low to indicate that a valid address is ready to be read. Note
that the low order bit A0 of address ADDR 0 is low on the rising edge
of clock pulse T1. Therefore, address ADDR 0 belongs to bank A and
bank A will be read to retrieve the data stored at address ADDR 0.




determ ne whether the access is a read operation. ' If it is
det er m RQg okMee3p at € 530 that the access is a read operati t hen
the information to be read is already available and a tralﬁgl;"gsgsﬁ‘m%
made on path 534 to ready state 560 and the read is performed. After
the read is perfornmed, a transition is nade fromready state 560 back to

initial state 510 and the next access is awaited. Ret ur ni ng
now to state 530, if it is determned in state 530 that t he access
is not a read operation, then a transiti e®- s nade on path 532 to
wait state(s) generation state 550 and an appropriate nunber of wai t
states are perfor nEThevheddebarst eontifiues onaheaisivg edige of ebstddpulsa 2 the

i nformation i

o et or m ned WAES ThE BB gddress to be re%@ﬁ@??é% TE*S@%%@ of $Re Rdlfchs,
four-byte pagepins. inoneenbodiment: eddresstatch enable signal Afdf# lS)thughtade on.
path 522 to sty a'ifH)tHﬁ‘HO% RemAELte GRSt 4 Yalid addreésafs%ﬁdy belrgdpage

conpare. Then, r| ate’ wai t states
‘are perforned FT‘E“? eaaéwsri g%‘iCﬁtf{;‘Fg &,signal ALE# is sm\g}g lpw to

Not e It hat t he ihdbate ﬂmtmnpthen valid address i aéalyattybetregh: Dlote that the

i nterl eaving 3 r

equi val ent s f??mgvr ] opem" gsgﬁﬁ]ﬁgélﬁlﬁ%%cﬁs;ggiss gédﬁleé’é(fl(mk
supports back- }?ldsﬁaak Thexefoyeraddressn 4D dcb@lougsat@bénh dhankdess
tinme for sequegill Bb rédd &5 pétfievé thé Hﬁfaes'féfb'ii A£d d1SP ADIDRYI. Oﬁeéd?.@eSYSt em

har dware requir over u acces al

asynchr onous fq‘ﬁgﬁ rﬁbbﬁﬂ gAb%k elongt lfg%@m;ﬁﬁgﬁg %ﬁ/q}%gl Y,
howgver a wrletcmxee@lmaﬁ(msoéﬁ‘bmmad concurrehtly) eavi ng technl gues can be ‘
used to maxi m ze pr r system
300. Furthernore, ﬁg{ﬁégdaﬁ'g%s% cgﬁﬁnus\%gn tR§ r{?gﬁggggg of %éﬁ(;%u%gs%gl ng
executed in pl\etben#h@ﬂwdadﬁlresstobeer%ED&@%pé#ﬁ@@\ thehaddress | | not be
any wites to piRg ahidagidress 1atc1iraﬁ2|5né arm,Ems QERT 16w 2 iRdichREtHAk 0gr am
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the program i she read fromtADDRIO of bank A (begun during period T1) completes.

Thus, during period T3, bank select signal BS is brought low to steer

the data read from ADDR 0 to the output buffer where it is latched.

The data of ADDR 0 is then driven out onto the data I/O pads of the

SFI chip at the begmmng of pulse T4.

Meanwhile, because the low order bit A0 of address ADDR 2 is
low on the rising edge of clock pulse T3, _address ADDR 2 belongs to
bank A and bank A will be read to retrieve the data stored at address
ADDR 2. The bank A output from address ADDR 0 has been latched
into the output buffer, so the readjhg of ADDR 2 of bank A can begin.
Furthermore, addresses ADDR 2 and ADDR 1 belong to different:
banks, therefore both address locations can be read concurrently.

The burst read can continue indefinitely (or at least until the
address space of SFI flash chip 600 is exhausted)' with a new address
being input on each clock pulse and the data for that address being
output two pulses later..

Referring again to Figure 6, in order for SFI chip 600 to be truly
compatible with the high speed synchronous bus with which it
communicating, bus logic block 640 receives and provides bus specific
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Synchr onou¥¥E¥EYMO nt erface (SFI) for Flash Main Menory PCT/US95/07062
Besides requiring the additional system conplexity of FPGA 310, a
menory subsystem such as subsystem 300 wi Il have to have at | east
two flash nenory chips 320 to interl eave between (four in the

exanmpl e of Figure 3). Furthernore, if additional flash nmenory chips

are to be added to sub-system 300, they too_szaust (at least) be added in
pairs. Mreover, each flash nenory chip added to sub-system 300 is

enabl ed si nul tan 0 n
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flash menory inteQrated circult

I ncor.por at npl et e
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synchronous fl ashxemb 660 dupingvwiite operdtiorns aid pmvxdetﬂhmgpahty data

synchronous ¢ cI 5ol

p?/ot ocol 'ltJhat yt h aﬁeﬁs&%&%?ﬂ%ﬁ%ﬁ& Alg%r\#g%g'hgy%i%(ﬁr naﬁn split
into two banks adumgewaasttemma it® |ﬂ§§htmm35§90d interface logigip4l F%l‘ﬁsgh
between the two Badksm, %oﬁﬂﬁn%léﬂ eiﬁééaV@%ch?éﬁwbﬁyto

The user can direct bac cl es the ate ban s.,and. after
an initial del ay8egerate t é@ﬂlag%mr%dn@fm% sp‘?ﬁ it handy ||

out put onto the shakeft. bus at a rate that is apprOX| mat el y equi val ent

to half the asynchr Onoﬁﬁrﬂ(ﬂe?ﬁ\%r@%ﬁ‘ésﬁxstséﬁocwgf beldiehdfyt réﬁdﬂgbﬂ

this interface creates an averag. sequent| a
accesses that ismayyneed tabe sent from SEL60G whendatads !‘¢3f¢e Becayse flash
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operations of thsysdwoneusbessygeherate thelnbcessimy parity bit when data is read.
Thus, during flash memory 600 read operations, logic 640 will derive
parity bits from the output of flash memory 600 for transfer to the
high speed synchronous bus. Therefore, by examining data both
during write attempts to flash memory 600 and read attempts from
flash memory 600, interface logic 640 will generate the required parity
information.

When mode register 680 is not set to indicate SFI mode, the
synchronized bank interlacing control functionality of interlace
control 670 is disabled and SFI flash chip 600 will function as would a
standard asynchronous flash memory chip. In such a case, the CLK
and ALE# signals will be ignored as will the bus specific input signals
to bus logic 640. Instead signals CE# and OE# are used to access SFI
flash 600 using an asynchronous read signal of the type depicted in
Figure 4.
In one embodiment, mode register 680 is implemented using

content addressable memory. Alternately, in another embodiment
there is no mode register 680 and the SFI functionality of chip 600
cannot be disabled and SFI chip 600 will not function as a standard
asynchronous flash memory.




ri sing edge of the clock. ALE# is sanpled on the rising edge of the

cl ock an I.f 1t is sanpled valid, the address that is present on the
addr ess g@s”fsg&’ﬁ'atched into the part and an access conmentel¥UsHf(pao62
user can alternately strobe addresses into the device every clock cycle.
After an initial delay the data corresponding to these addresses is

out put on the data bus in synchronismw th the rising edge of the WO
95/ 34030 PCT/ US95/ 07062
- 30- clock. The user can cycle thg4device at frequencies as high as
33 Mz and can expect back to back burst cycles to be perforned
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Fi gure 3. Thusddressable spase infSE flashimgmeny aé'%ﬂi’ eQ pOfter bﬁlﬂg provided
read bursts wbe s addrebs the cSEAIDERRI Seto iferiiient e linear or (
'n the SF rmdedn_ Plegrdgr dtegex? ngcocr(la ﬁ%egu )SarPJ ?ése%pa&gresses o the SFI
flash memory banks. This allows a muluple-burst access of
indeterminate length to occur at highest system performance.

Figure 8 illustrates a computer system 800 that uses an alternate

- generic SFI chip approach. In Figure 8, SFI flash chip 860 has a generic
synchronous flash memory interface. Glue logic 830 is a separate
integrated circuit chip that is placed between microprocessor 810 and
SFI flash chip 860 to provide the circuitry 'requ_ired to interface SFI chip
860 to high speed synchronous bus 820.

One benefit of the approach of Figure 8 is that providing a
generic inteérface control 870 within SFI flash chip 860 permits a burst
read of banks A 880 and B 890. Thus, rather than requiring pairs of
asynchronous flash chips in order to p_erform interlacing, a flash main -
memory sub-system can be expanded in units of a single chip. At the
same time, when coinpared to FPGA 310 of Figure 3, the design of SFI
glue logic 830 is simpler because glue logic 830 does not have to
include the generic synchronous interface control logic 870 that would
be required for any SFI chip 860.

Furthermore, a single SFI chip 860 can be used to interface with
a large number of different synchronous buses because the bus specific
control logic 850 is implemented within glue logic 830 instead of
within SFI chip 860.




stages 672 on address buses A19 through AO along with a clock pul se
(CLK) and an address |l atch enable signal (ALE#). Qutput enable and
wite enab™O B4R s are al so provided to TTL stages 672. ABEFASL7062
A19 through Al are then provided from TTL stages 672 to bank A
address latch 630 and bank B address latch 632. Signals CLK, ALE# and
A0 are provided to interlace control logic and ATD | ogi c 670.

Based on the | ow order bit of the address (AQ0), interface control

| ogic 670 controls bank A address |atch 630.38nd bank B address |atch
632 using signals address |atch enable A (ALEA) and address | atch
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Note that glue logic 830 includes burst logic 840. This is
because, as mentioned earlier, different microprocessors 810 use
different burst ordering sequences.

A common sequence is the linear addressing sequence. In the
linear addressing sequence, a data burst increments sequentially from
the beginning address of the burst. Typically, in this sequence, the
data burst will begin with the lowest address in the cache line being
read and will increment through the addresses of the cache line.

The other burst sequence is a non-linear addressing sequence.
In this sequence, the burst read does not necessarily have to begin
with the lowest address of a cache line. If the burst does begin with
the lowest address of the cache line, then the non-linear addressing
sequence behaves as does the linear seqﬁence. If, on the other hand,
the burst begins on an address other than the lowest address of the
cache line, the subsequent addresses of the burst are generated in a
manner that guarantees that every address of the cache line will be
accessed and that they will be accessed in a way that interleaves
between odd and even address banks. '

Burst logic 840 takes a first data address for a data burst and
generates the rest of the addresses of the burst in accordance to
whatever addressing sequence is required by microprocessor 810.

Note that because both the linear and non-linear burst
sequences interleave between odd and even banks, SFI chip 860 will



the data read out onto data input/output (1/0O pads 690 of SFI flash

chip 600 Thus, if a read access is being perforned when SFI
flash 608YQ 34030 in the SFI node, the next address to BETAWSeS476€d can be
begun while the preceding access is being perforned. If the next
address to be read bel ongs to the bank that is not presently being
read, then the next address can be steered to the appropriate bank
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| at ched into output buffer 660 and.ggs being driven onto data |1/0O
pads 690. Al so part of the design I's a progranmmabl e | atency t hat
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- 32- synchronous bus to the point where it can no longer support a desired
level of performance. Another such case is where the SFI chip
requires a glue logic controller chip and the cost constraints imposed
when designing the system prohibit the additional expense of this
chip.

Furthermore, many portable systems do not have a local bus
(i.e. do not have a high speed synchronous bus). Typically, in these
systems, the CPU is integrated with the peripheral device controllers
onto a single microprocessor chip. In such systems, only an
asynchronous main memory bus and a relatively slow expansion bus
are available within the system.

Asynchronous flash memory as it exists today must interface
within these systems to the expansion bus through a custom
controller. Bus cycles on the expansion bus are typically slow.
Therefore, because each expansion bus cyde is typically longer than
the asynchronous access time of a flash memory, the synchronous
flash interface provides no real benefit when interfacing with the

~ expansion bus. -

An Asynchronous Main Memory Interface (AMMI) permits
flash memory_to'interface to the asynchronous high speed main
memory bus in any computer system. In effect, the AMMI permits a
flash memory chip to emulate an asynchronous DRAM chip. In




The read burst continues on the rising edge of clock pulse T2 when
the second address to be read (ADDR 1) is placed on the address '
pins. In owessmdi nent, address |atch enable "signal ALE# PeThisesmyns2

hi gh and then low to indicate that a valid address is ready to be read.
Alternately, address latch enable signal ALE# is sinply held lowto

I ndi cate that another valid address is ready to be read. Note that the

| ow order bit AO of address ADDR 1 is high on the rising edge of clock
pul se T2. Therefore, address ADDR 1 bel ongsBZo bank B and bank B

will be read to retrieve the data stored at™address ADDR 1. Because
addresses ADDR 0 and ADDR 1 bel ong to different flash_ banks, both

addr ess | ocati oredditions® proyddingnha dewesastylow power flash mainymerneryy ther st

ngt ' nuets OB t heAIgII?I'I Q@s&éﬁﬂxﬂéteé‘} tRé |ﬁrﬁé”r 1?3% to transfethprogrimst dr d@lta
address to be re e a

address latch e B%ég[ﬁﬁ%é dﬁﬂiﬁf& ﬁkeﬁ R%%Iﬁﬁf%gf’gvﬂ?ﬁé "ﬂ'sasﬁ‘
anot her valid admesswyite beuased s rhain metonyoineplaceatof diolatile PRAMd T3
the read fromA f %5

Thus, during pe?ﬁcﬁjﬁgfg‘ %?ﬂte Fecgﬂm gh h{e”%%ﬂ?cfsa‘nb%ggﬁ%t ﬁ{se&xreecet}y
the data read frowh emilas t@%@&ﬂ]@ﬁh?‘"ﬂlﬁﬁe&n onsin HF’EfﬁE‘E}ance
The data of ADDRN@tehScdrﬂﬁﬂre@ ﬁyealaqué lﬁaﬁprﬂéaﬂogata I/ O pads of t he

SFI chip at the begi an use the
| ow order bit A0 of ;ﬁ?ﬁag@ tk%m permits a flashy, chip ’ion%“\’#\% 5@@2‘3

clock pul se T3, chipy tes ANIRMR élithiriates)the need to havleaaustaxnamntmllﬁrsAIw Il be
read to retriev ﬂm
out put from addr ltSS %%%&ﬂggfg\etgﬁa@gk Efesemshng D toct% tl:B(Ii)!lut tgﬁt buf f er,

so the readi ng ofyshgpRng aehloading on fheliﬂ?% re, addresses

ADDR 2 and ADDR 1 belmmma f@&&s system pe&@iﬁ&;cetmdqfr@vﬁié%mm addr ess
| ocati ons can be urstIt %ad can
S

O

ead conc
continue i ndef i rHENg gvlar&éitégl%/s mpertables omputer SXa Pets ' ite of SFI
flash chip 600 |prwx&wﬁtreﬁiﬁtemdxbcatmnwmmfrm with minimealnchangeuto the each

| ock | d t |
o5 il e i 1 ity o, perrnikbd 255
to be truly increagad witheut requiringeany Q& F?Iﬂg}ﬂ" IgC-hus with

which it COMTUFiggiaé Brmusbu&slanmdékbhegimﬁw drecanbeama@t of avi des

bus specific flash memory chip having an asynchronous main memory interface.
In the embodiment illustrated in Figure 9, flash chip 900 can operate
as a standard asynchronous flash memory chip or can emulate a
DRAM. The particular addressing mode to be used is determined by
whether mode register 910 has been set or not. Thus, if mode register
910 has been set to signify that an asynchronous main memory
interface is desired, AMMI flash chip 900 will emulate a DRAM chip.
On the other hand, if mode register 910 has not been set to signify that
an asynchronous main memory interface is desired, AMMI flash chip
900 will not emulate a DRAM chip. In the latter case, the DRAM
emulation circuitry of AMMI chip 900 would be disabled and AMMI
flash chip 900 will operate as would a standard asynchronous flash
memory chip. In one embodiment, mode register 910 is implemented
using content addressable memory.

Figure 10 illustrates a read cycle of an AMMI flash chip 900

when it is emulating a DRAM. - Because the AMMI flash chip 900 is
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si gnal s MR958#030500. Thus, the particul ar high speed syncREDHSNTBGES

may require, for exanple, that a parity bit be received with every wite
operation and then sent again as a handshake. |In one enbodi nent, :
interface logic 600 wll latch and examne all bits witten to flash
menory 600 during wite operations and provide this parity data

during the post-wite "handshake". Alternggely, by exam ning data
during wite attenpts to flash nmenory 600, interface |ogic 640 can use

gencrate [ne rIROTE b IRASE b Figlell sl Ml RRA Ry R AR o ©

shake". typical DRAM, rmore, the bus protocol may be such that the
parity bit - el ronBis Riin rlethd int@ﬁgcé’"?%‘vi@%gaa meah§3-
Because fl ash , .me doesg not ;requiré€ that parjty bits be stored
with data, busiNtEpretng f¥cee and wderting slestty HPERIOCPhm used by

t he hi gh speedthat can beyseditociroess dflasi meprowy afray ! T recdaees the piparity bit

when data is r . ' ' f Aot 0. rations,
| ogi c 640 wi | Ig' erti‘?/nea chy-%w&é@??’sgaﬁ%nﬁﬁgj %It‘lgi%ustlﬁgg c#q)gfs%h menory
600 for transfaddness asaloes flash, aj vuiltiplexen aden it raw addressednd a8, by

exam ni ng dat aeRokib column addlédses. ‘Mddx‘és@&igﬂ_ﬁphﬁxlﬁgl_éiiﬁ% o BORAMEP and
read attenpts from ce I.c 640 will

generate the r%‘ifemfélfhﬁgrlﬂ; I??g‘%dgrr?grmn& f ? - 'P*‘&tfir!{s not outld on a PP node
regi ster 680 iartrasyneletonionsiflabhcdévic&Fl node, the synchroni zed bank
S o619 ST TS PRI ool ABEHBR e AT PP 0, L5
asynchronous fEelimnehddzess Birebe (CAS#pia argsesed; toccantrol the strohing inl E#
signals will bhd Gitehg GfSrespbétivd fow andSiffihin &ddriRses. STPPiRhRy, these
addresses are latched on the falling edges of these strobes and are used
to access specific bits inside the DRAM array. Because AMMI flash
memory chip 900 can emulate a DRAM chip, AMMI flash chip 900 has
row and address pins for accepting row and column address strobe
sigrials, respectively.
Some DRAM devices use row and column addresses that are
not ten bits. For example, the row and column addresses of a DRAM
device may only require eight bits to be expressed. Throughout the
following discussion ten bit row and column addresses will be used. It
is to be understood, however, that AMMI flash 900 can be practiced
using other sized row and column addresses.
In Figure 10 it can be seen that the read cycle for an AMMI flash
chip 900 that is emulating a DRAM begins with the RAS# and CAS#
‘signals both high and the multi-bit data output signal (DOUT) open
(tfi—stated). The ten bit row address is then placed on the Ag through
Ag address pins of the flash chip 900 and the RAS# signal is brought
low to indicate that a valid address is to be strobed into the AMMI
flash. (Note that in the case of an eight bit row address, the eight bit
row address would be placed on the Ag through A7 address pins of the

flash chip.)



to bus logic 640. Instead signals CE# and OE# are used to access SFI
flash 600 wglgggsedy asynchronous read signal of the type depp&tBhsh

Figure 4. I'n one enbodi nent, node register 680 I's inp enented
usi ng content addressable nenory. Alternately, i n anot her enbodi nment
there is no node register 680 and the SFI functionality of chip 600

cannot be disabled and SFI chip 600 will not function as a standard
asynchronous flash nenory. WO 95/ 34030
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In one enbodi nent, the SFI flash nenory 600 requires one addr ess per
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chip counters, nerate S e uent, a thro

remai nder of thé Hfﬁes TY|d ﬁ"&"giﬁs%ff §B cgg g%'%as@éo will
contain a full- :sttcfagesteﬂutcﬂhgyaﬁdhaDRAM the flashiarray dobsnotraeedhélse t he
addr essabl e spa t}_ﬁggn\f | ded
the start addreg%‘étpﬁiﬁjecwmﬁ éﬁu@{i uto mcrg{ent d(‘?%rﬁa%gar or
non-1i near or debecarsecAMMY flas is emu ﬁﬁngdHrI@B‘%%%eanaﬁ meoulda
flash nmenory bagpygamMhis all ovvs a multiple-burst access of

Figure 8 111 ust at eo OResHaLAceF adgPe Hasoren i ieLw iR Y o chip

generic SFI chi 90@pprest bpetatidri issignified by tfdraitioningm BRITEAssigngkneri c

synchronous 1 agh, fRARS ¥o hifHe" TRER; the #hi BiPB5arf QddPedd 18 HRBEALE on the
Ag through Ag address pins of AMMI flash chip 900. Next, the CAS#
signal is asserted and the column address is latched within AMMI
flash chip 900. The ten bit row address and the ten bit column address
are then combined within AMMI flash chip 900 to form a twenty bit
address used to specify a location within the flash array to be read.
Once read, the contents of the twenty bit address location are driven
onto the data pins of AMMI flash chip 900 as multi-bit signal data out
(DOUT). Then, after a CAS# goes high, the multi-bit signal data out
(DOUT) is tri-stated again.

Meanwhile, after the row address has been strobed into AMMI
flash chip 900 and the RAS# has been held low long enough for a row
precharge to occur (if a DRAM was being' accessed), the RAS# signal
transitions back to high. The CAS# signal also transitions back to
high after the column address has been strobed into AMMI flash chip
900.

Referring again to Figure 9, the mode value stored within
mode register 910 is provided to control logic 920. One output of
control logic 920 is an address multiplexer select (AMS) signal. Signal
AMS controls address multiplexer (mux) 930. Address mux 930, in
turn, steers the ten bit address that is asserted on address pins Ag
through Ag of AMMI flash 900 into the proper portion of address

latch 940.



integrated circuit chip that is placed between m croprocessor 810 and
SFI flash chip 860 to provide the circuitry required to interface SFI chip

860 to hW@HS348Rd synchronous bus 820. One MITRIIBPTA62 t he
approach of Figure 8 is that providing a generic interface control
870 within SFI flash chip 860 permts a burst read of banks A 880
and B 890. Thus, rather than requiring pairs of . asynchronous fl ash
chips in order to performinterlacing, a flash nain menory
sub-system can be expanded in units of a-40-ngle chip. At the samne
time, when conpared to FPGA 310 of Figure 3, the design of SFI gl ue
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WD 95/ 34030 output control logic 920 is a multi-bit address latch control (ALC)
PCT/ US95/ 0706%1§1a1 that controls the latchm of addresses within the hi gh Opo%rtton

An addi ti onal en conpare to a

standard asyn efp%ﬂom'gg‘bgﬁfa@ﬂfeﬁsgﬁéh%d only have t wo
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ired f
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operating as a standard asynchronous flash chip. The output from
bypass multiplexer 900 is flash address 957 that is provided to flash
array 960.

Thus, when the AMMI flash chip 900 is operating as a standard
asynchronous flash chip, a twenty bit flash address will be asserted on
address pins Ag through A19 of the flash chip 900. Signal 915 from
mode register 910 will set bypass multiplexer 955 to steer the twenty
bit flash address asserted on address pins AQ through A19 of the flash
chip 900 to flash array 960 as flash address 957.

Alternately, when AMMI chip 900 is emulating a DRAM chip,
address pins Ag through A9 of flash chip 900 will be multiplexed.
First, a ten bit row address will be placed on address pins Ag through
A9 of flash chip 900 and the RAS# signal will indicate that the row
address is ready to be strobed into the flash chip. Then, a ten bit
column address will be placed on address pins Ag through Ag of flash
chip 900 and the CAS# signal will indicate that the column address is
ready to be strobed into the flash chip.

Note that in the DRAM emulation mode, no address signals
will be placed on address pins A10 through A19 of the flash chip.
Therefore, when the row address is to be strobed into AMMI flash
device 900, control logié 920 will set address mux 920 to steer the ten
bit row address that is asserted on address pins Ag through Ag of the




package. \Wen providing a generic synchronous flash interface, the

two additi WSI:Q 49 required are available even within cons
i mposed by m)untl ng the SFI flash chip 860 in a small packatpiﬁ.}d%ss‘ms2

Note that glue logic 830 includes burst logic 840. This is because,
as nentioned earlier, different m croprocessors 810 use di fferent
burst ordering sequences. A common sequence is the |inear
addr essi ng sequence. In the | i near addressing sequence, a data burst
increments sequentially from t he beg#imi ng address of the burst.
Typically, in this sequence, the data burst will begin with the

| onest address iflaghhehipsiake the vav iportion 944 of addeess latch 940.| SigmaleAbQt
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accessed and t haadduess pis Aopihradgh A ef the ga%ﬁh%’é&mt gg\lglgmgon 942
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PCT/ US95/ 07062 address internally within AMMI flash memory 900 to formzgtwenty

bit demultiplexed flash address 950 that is stored in latch 940 and can

be used to address the flash array 960. Signal 915 from mode register

910 will set bypass multiplexer 955 to steer the twenty bit

demultiplexed flash address 950 stored in address latch 940 to flash

array 960 as flash address 957.

Regardless of whether the AMMI chip 900 is operating as a
standard flash chip or is emulating a DRAM chip, once a complete
twenty bit flash address 950 has been provided to flash array 960, the
contents stored within flash array 960 at address 950 are then retrieved
from flash array 960 and sent over bus 970 to data latch 980. Data latch
control (DLC) signal from control logic 920 controls data latch 980. At
the proper time, data latch 980 drives the data that has been read from
flash array 960 out onto the data bus 990 (and data pins of AMMI flash
900). Then, at the completion of the read cycle, control logic 920 causes
data latch 980 to tri-state. Other DRAM read accesses such as fast page
mode are handled similarly.

In an alternate embodiment, AMMI flash chip 900 is a dedicated
DRAM emulation device and cannot function as a standard flash
chip. In this alternate embodiment, mode register 910 and address
pins A10 through A19 of the flash chip are not required. This




I nterl eave between banks regardl ess of the sequence generated by burst

| ogic 840 (be it linear or non-linear). Asynchr onous Main
Menory | WQIS3408 (AVMM ) for PCFUSSSO7082 N
Menory The synchronous flash interface (SFl) supports back to
back data bursts thereby permitting flash nenory to be used as nain
nmenory. There may be occasions, however, where system constraints
pr event the use of the synchronous flash interface to a high speed

synchronous bus. One such case is where thgre are already several
conponents that are coupled to the high speed synchronous bus. In
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typically slo fore, because each expansion bus cycle is
typically |oné¥XF‘%fﬁ’5r?ﬁm t he. asynchronous access tinme of a flash rrermry,‘

the synchronous Notesthat the rﬂfmshawlqao igyse 14 beging ashdoes the neadn
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asynchronous  [ggaN, £fjl Phe kdw address strobe signal (RAS#) is brought low.

- Unlike the read cycle of Figure 10, however, during the refresh
cycle of Figure 11, after the row address (of the row to be refreshed) has
been strobed into AMMI flash memory chip 900, no column address is
strobed into the flash chip. Instead, the RAS# signal is held low for-a
period sufficiently long to permit the row specified to be refreshed (if a
DRAM was being refreshed) and the CAS# signal is held high
throughout this period. During the refresh cycle, the data pins of
AMMI flash chip 900 remain open (tri-stated).

Referring again to Figure 9, when in the DRAM emulation
mode, control logic 920 will identify a refresh cycle pattern and hold
data latch 980 tri-stated throughout the refresh cycle. Other standard
refresh cycles (e.g. CAS before RAS (CBR) refresh, self-refresh and
hidden refresh cycles) are well known in the art and handled

‘similarly. In this manner, a glueless intérface from the AMMI flash
chip 900 to a DRAM controller is achieved.

Alternately, some of the inefficiency associated with emulation
of a DRAM can be eliminated while the benefits of DRAM emulation
are retained by controlling access to AMMI flash chip 900 using a
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-37- tion to providing a | ow cost, |ow power fl | n_penory,
t he W(Mi#‘g%ﬂ so elimnates the time required to trans?ﬁw&ﬂ’gﬁs or
dat a fromthe hard disk to the DRAM by perm tting nonvolatile flash
menory to be used as main nenory in place of volatile DRAM Thus, as
was the case with SFI, the CPU can execute prograns directly out of
a flash main nmenory w thout any degradation in performance when

conpared to volatile main nenory. -43- Because the AMM permts a
flash chip to enul ate a DRAM chip, the AWM elimnates the need to

have custom conHhro{ne o°ntr6l‘ler that has Me@ﬁ'xﬂ@&xfi’ecﬁ%&@bﬁ%‘én&%%?&ﬁé fh& the

exi'sti ng DRAM cqnt r ol m t.hus “r educes cost..and
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i f node regi st econtroller Wﬂluohé@i‘cbeﬂd?\@ﬂasb chipyB09 $o bﬁétedaﬁpé’s}&fﬁég\r onous

mai n menory |é§gsh%bsflm§g hihe QBB ofia | enul ate a
DRAM chi p. lengglftﬁ{cf ﬁﬁﬁeée%sé’t?%r 0 has r?ot been set

e
to signify thatProgrammagle als ‘Eﬂm ”ﬁ?'f’ MO yC?WFQﬁ?’éE%n P& desir ed,
AW flash chi pprogrammed to generate DRAM control signals that have been

optimized to access an AMMI flash chip 900. An example of a suitable
programmable DRAM controller is described in U. S. Patent Number
4, 785,428, Programmable Memory Array Control Signals, Bajwa et al.,
issued November 15, 1988.

Some programmable DRAM controllers permit more than one
type of DRAM to be controlled simultaneously by the same controller
even when each DRAM type being controlled has different timing
cycles than the others. This is accomplished by having more than one
bank of DRAM and permitting the controller to have different access
cycle timings programmed for each bank. The DRAM are then
grouped so that all of the DRAM in a particular bank are of the same
type. |

Thus, in an embodiment where a programmable controller can
be programmed on a bank-by-bank basis, the AMMI flash memory 900
is placed in one bank and standard DRAM is placed in another bank.
Then, the programmable DRAM controller can be programmed to
control the DRAM in the DRAM bank using standard DRAM timing
cycles. The programmable controller can be also be programmed to

- control the bank of AMMI flash memory 900 that is emulating DRAM
in a way that has been optimized to meet the needs of AMMI flash
memory 900.




900 wi Il not enulate a DRAM chip. In the |atter case, the DRAM
enul at|0ﬁ, CI@B" try of AWM chip 900 woul d be disabled and AVM

flash ch |1 operate as woul d a standard asynchr onbGEUFISAIes2

menory ch| p. In one enbodi nent, node register 910 is inplenented '
usi ng content addressabl e nenory. ' Figure 10 illustrates a read
cycle of an AMM flash chip 900 ~ when it is enulating a DRAM Because
the AMM flash chip 900 is WO 95/ 34030 :
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emul ating a DRAM chip, Figure 10 al so |Ilustrates a read cycle for a

typi cal DRAM chip. Alternately, rathef BRar BfHNG l2bIETRBREBLIER L' face
provi des a meansg@i | nt erlﬁem es..and anﬁ'iﬁ-{"l n these
cycles to a priBeG@snon-programma r&EE&%P’éP“F

array. To redibzentdptimized for accessctonAMMI ﬂasly pnémb This specialat her t han

usi ng a singl ), d ti plexes a
ten bit row ag\ﬁggéémable.m&g% %@d E&%g?esses MA ress signal
nul ti pl exi ng fBemerpifexslusively, orcowspalse wenﬂv;/ opesr more bankss 8fidi t i onal
pi ns not found:oqweﬁhghiaprDRAM ‘art asynchronous fl ash device. .
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menory chip 900 caPregramming aRANMM flashaghip 900sthat dsepruatingas ro
and address pipRAM/is pefobineddin’ # Yashioh SRhIIANtR WHIBTE t6 DRAM. As is V*
the case with a read operation, the control logic 920 interprets the
commands on the control pins of the flash chip and issues them in
accordance to the protocol required by asynchronous main memory
flash device 900.
- Because programming (and erasmg) flash memory takes longer
than writing to DRAM, approaches similar to those mentioned earlier
can be used to minimize the impact of the time required to program
an AMMI flash device 900. For example, flash file system software can
insert wait states whenever a write to AMMI flash 900 is required.
The number of writes to the AMMI flash 900 memory can be
significantly reduced by using the AMMI flash device 900 to store
ROM-able programs and data that are infrequently changed and by
supplementing the AMMI flash memory 900 with a memory
technology that can be written to quickly. Alternately, a write cache
can be provided to store information that is to be programmed into
the AMMI flash 900. The programming of the AMMI flash 900
memory can then be performed in the background during what
would otherwise be idle periods.
Figure 12 illustrates a scheme for creating a DRAM-compatible
SIMM using one or more AMMI flash memory chips. This scheme
allows AMMI SIMM 1200 containing an AMMI flash memory chip
900 to plug directly into a SIMM socket intended for DRAM. Thus, a
standard DRAM controller can control AMMI SIMM 1200. The



signals, respectively. Sonme DRAM devi ces use row and col um

addr esses not ten bits. For exanple, the ro mm
addr esses %B%EB%&M device may only require eight bi *V@Pg’i‘@w
expressed. Throughout the foll owi ng discussion ten bit row and

col um addresses will be used. It IS to be understood, however, that
AMM flash 900 can be practiced usi ng ot her sized row and col um
addr esses. In Figure 10 it can be seen that the read cycle for
an AM fl ash chip 900 that is enul ag¢3-ng a DRAM begins with the RAS#
and CAS# signals both high and the nmulti-bit data output signal

the AD hrough MM SNV 3hEBlks o 8ydieih f docepy AGPLIRS Brielt-b ad ol G "
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strobed into theediring no systérhdsirdwdretmotlifidation. t he case of an eight bit

row address, the eighd. Dit,n. I he A0
t hrough A7 address pitﬁﬁgm(')ef 1% hl%ustratég%? Ellgi;lﬁf ?Wf%ﬁ%ﬁg‘%‘g%?o
PCT/ US95/ 07062 with a single AMMI flash chxp_ 900. In an alternate embodigwent,

After the row aMPshﬁMh%@isSbPQMed%ﬁhW of hitsté ANIMI flash 900, the

RAS# signal continues tog,be | d w for a predeterm ned period of
tinme. In a standBeg ps B0-raS# signal is held high at the end of
the read cycle prior Aw advantagetofrthedAMMI flash chipO08igthatdf a DRAM cour se,

Cechnol ogy of t RORBGHeE <Rills FF 286 sfitehl % E3RRELIE0E 1BFELs to the AN COD,
precharge tinme rflashimenhary chip@f@is dramaticallyhsimplified by the abilitycefithe Avm
fllash 900 is emypiNmenip R emillaidls DRARE! AMMICSIMIME1200 furthd?RAM
simplifies the addition of flash main memory into a computer system.
This is because AMMI SIMM 1200 allows a DRAM controller to
interface, not only to individual flash memory components, but also
to an industry-standard SIMM containing one or more AMMI flash
devices 900. All additional circuitry required for flash memory
compatibility is included directly on the AMMI SIMM 1200.

When compared to a similar density DRAM chip, an AMMI
flash memory chip 900 can have several extra pins. For example, the
AMMI flash chip 900 may have a RY/BY# output pin to indicate
when the chip is ready to be accessed and when the chip cannot be
accessed because it is busy (for example, when the flash array is being
programmed or when a flash block is being erased). Therefore,
RY/BY# output pin of AMMI flash chip 900 on SIMM 1200 is simply
not connected (i.e. is “floated”). Instead of using the RY/BY# pin to
determine when AMMI flash chip 900 is ready or busy, system
software is used to poll component status registers within chip 900 to
determine the program/erase status of the chip.

When it is emulating a DRAM, AMMI flash chip 900 will
multiplex row and addresses onto address pins Ag through A9 when
they are strobed into chip 900. Therefore, address pins A1 through
A19 are not used by AMMI flash chip 900 when it is part of AMMI
SIMM 1100. Thus, address pins A10 through A19 of AMMI flash chip




Once the row address has been latched within AMM flash chip 900, a
read operation is signified by transitioning a WRI TE# si gnal from
|l ow t o hiwya9s3deam, the ten bit columm address is asserted A0
through A9 address pins of AW flash chip 900. Next, | ho PeFisSoros:
signal is asserted and the colum address is |atched within AW

flash chip 900.. The ten bit row address and the ten bit colum address

are then conmbined within AMM flash chip 900 to forma twenty bit

address used to specify a location within the flash array to be read.

Once read, the contents of the twenty bit"*&ddress | ocation are driven

onto the data g(i?ns of AM flash chip 900 as multi-bit signal data out
(DOUT). Then, Q%ﬂelaomnegt%%wheghRM, ME flagh 90015 ppopudating ANMMDut
(DQUT) is tri-SIMMU26MaI N. Meanwhi | e, after the row address

has been strobed i | ash,.chi p. 900 and .t he, RAS# has been hel d
| ow | ong enough fop{ﬁe %# and CA%&@Mﬁé"?B"&EBEﬂ“@FQ direstmMonas bei ng

accessed), t heANRWE flashchip 900. They areralsoiprovidetio teadyiverite IbgRe 1248# si gnal
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strobed into AMM “flash chip . . nto
Figure 9, the Whathera rpadopgrationjoria write operatigniis tosbe perforged. i s provi ded
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Although not all flash memory chips require an external {

programming voltage (Vpp) supply, in the embodiment of Figure 12,
AMMI flash chip 900 requires an external Vpp (e.g. 12 Volts). Vpp is
not provided to a SIMM as part of the standard SIMM interface.
System operating voltage Vec (e.g. 3.3 or 5 Volts), however, is
provided to a SIMM as part of a standard SIMM interface. Therefore,
in the embodiment of Figure 12, Vpp converter 1220 is provided as
part of AMMI SIMM 1200 to take the Vce system operating voltage
and convert it to a Vpp for AMMI flash chip 900. Suitable Vpp
voltage converters 1220 are well known in the art and are
commercially available. These voltage converters 1220 typically
operate as DC-to-DC converters or as voltage pumps.

The WP# input of flash chip 900 is tied to the flash memory
Vec input. Vec is also provided directly to AMMI chip 900.

Finally, the PWD# input for AMMI flash memory 900 is
coupled to an on-SIMM programming voltage monitoring device

- 1230 such as the Maxim MAX705, manufactured by Maxim Integrated

Products, Sunnyvale, California. The Vpp monitor circuit 1230 will
hold AMMI flash memory 900 in Deep Powerdown mode unless the
supply voltage is within tolerance, thereby protecting AMMI flash
memory 900 from unintended writing or erasure. -

This scheme allows AMMI SIMM 1200 containing AMMI flash
memory 900 to use a Vpp program/erase voltage that is not part of a
standard SIMM interface and yet also to plug directly into a SIMM



Address latch 940 is divided into a ten bit w de high portion 942

and a ten ki | | ow portion 944 for storing, respectivel

hi gh and | gévé%%fgfo bits of flash address 950. Denul ti pl exed*acaﬁgggéﬁez
950 is a twenty bit address used to address flash array 960. Anot her
output fromcontrol logic 920 is a nmulti-bit address |atch control (ALC
signal that controls the latching of addresses within the high portion

942 and the | ow portion 944 of address |atch 940. The node
val ue stored within node register 910 is al-4% provi ded to control
bypass nul tipl exer (MJX) 955. The inputs to bypass nul ti pl exer 955
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pi ns A10 t hr oughmairo mgmersebus 43R0.c HRAM SIMM Iﬁﬁ@@ﬁoﬁ&, W
address is to bejsyyr@gethdrtopm/PAft dfl thelnain memdt§Vio? nt@Spraresscral3100gi ¢

920 will set address x 920 to steer ten | t w address that
is asserted on addres %@P{‘Pﬁ%ﬁﬁ@h{é@ gﬁotaﬁgess cod?'dr &MY AEALH

DRAM SIMM 1360 or AMMI flash SIMM 1350, DRAM controller 1330
of microprocessor 1310 will place an access request on main memory
bus 1320. The access request will be made to DRAM SIMM 1360 or
AMMI flash SIMM 1350 according to the asynchronous protocol of
main memory bus 1320. Because AMMI flash SIMM 1350 contains
one or more AMMI flash devices that are emulating an asynchronous
DRAM device, DRAM controller 1330 will be able to access AMMI
flash SIMM 1350 using a DRAM access protocol (i.e. by strobing row
and column addresses). DRAM controller 1330 will also generate
DRAM refresh cycles and provide precharge delays for AMMI flash
SIMM 1350 even though a flash device in AMMI flash SIMM 1350
would not need them.

Furthermore, in computer system 1300, microprocessor 1310 is
coupled to DRAM controller 1335 by high speed synchronous local bus
1325. DRAM controller 1335, in turn, is coupled to DRAM SIMM 1365
and AMMI flash SIMM 1355 by main memory bus 1345. DRAM
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flash ch -8’% %% he | ow portion 944 of address |atch 940. PSIYRAY07962C
will then cause the ten bit row address that is asserted on address pins
A0 through A9 of flash chip 900 to be |atched by | ow portion 944 of

address | atch 940. Later, when the CAS# signal indicates that
t he col um address is to be strobed into AMM fl ash device 900,
control logic 920 will set addressqggrux 920 to steer the ten bit
colum address that is asserted on address pins A0 through A9 of the

flash chip i ntggpiiier MM §1E1: g%ﬁ Si gnal
ALC wi Il then Cause tﬁ%}&)%@@'}la‘%ﬁ% 135§{°§%§gér% [ sf%gigserted on -
address pins ABaimmemeryspromigrapregesser 1310 chip to be | atched by high
pg(rjtlon 94|2| of addrwhen!mice ﬁﬁ@ssdrflsugllﬂd\/a&cess code orfdaﬁeadgfﬁi‘e&llﬁ {OW Y
address wi addr es ernally
wi t hin AWM fmw 136% *‘\tﬁgw%s mxcrtﬂp{r ﬁ?i)‘?exed

fl ash address v@ﬂbplahaama:ceasa'eqdestmn licahbgst 1320 dTheaccess requésé wiled t o

dd the fl 910 will
2et rs;;asserml tiLp exer Z%@Q%(?g%g*n&f{ﬁng{xgﬁrﬁm& {)Pméi Bl 132?t I pl exe\élvI
fl ash address M@Pﬁ@uﬁh 133 W@!}lsﬂ‘ﬁﬁtlﬂmlm the qch%snrequest anérthav 960 as

flas ht addr ess fi&ide the access (1]" ues}g FSMIF]/ESE\/IM IBBSbeKMMFﬂééﬁ\/BMME 900 is
operating as an chi a chi p, once
a conpl ete 1355 IFM%F ‘?t(’g?la%ﬁggb'bpé%?&%buﬁi% ?ﬁ‘%ﬁ?\%t o flash
array 960, thdlash SIMMc13R5ecandainsconeaionimdrenAMME flash deyi@stthat areldr ess 95
are then retri aﬁ.;"‘ ‘ﬁ'ﬂ.ﬁ. o 970 to
data latch 98 %tmglan &{POH)%}D SI g%glr&P?c()’(rﬁn ctgg’?(r]ol | ogi c
920 control s ¥dkbe ablerfoqsgessppMMI ﬁﬂﬁé 'é ausing2 DRAMaseessh 930
drives the dagotdm (ﬂ"@sb if a-dw‘ A column a_ddragdésﬁrDRAIQGO out onto the

data bus 990 ns of MM fla The at. t he
conpl eti on of ﬁ% ?@533 B‘f’?g al%%ﬁﬂ‘%’iat? %recsgh& s anci'provxd
precharge delay for AMMI flash S 1350 even though a flash

device in AMMI flash SIMM 1355 would not need them.

‘Secondary cache 1375 is also coupled to local bus 1325. If
microprocessor 1310 attempts to access data or instructions from
DRAM SIMMs 1360 or 1365 or AMMI flash SIMMs 1350 or 1355 that
are available in cache 1375, the access will be made to cache 1375
instead. | '

Note that alternate embodiments of computer system 1300 exist
wherein computer system 1300 uses a subset of the main memory
capability depicted in Figure 13. Therefore, in one embodiment,
microprocessor 1300 will address all of its main memory through
main memory bus 1320. Alternately, microprocessor 1300 will address
all of its main memory through local bus 1325. In such a case,
nﬁcrdprocessor 1310 need not include on-board DRAM controller
1330.

_ In yet another embodiment, secondary cache 1375 is not
available in system 1300. Furthermore, alternate embodiments exist
wherein all of the main memory controlled by DRAM controller 1330
or DRAM controller 1535, is comprised of AMMI flash SIMMs 1350 or
1355, respectively. Moreover, in yet another embodiment, rather than



data latch 980 to tri-state. Oher DRAM read accesses such as fast page

node are handl ed simlarly. In an alternate enbodi nent, AW
flash chi p"9883#80%, Jedi cat ed DRAM enul ati on devi ce BREUS%/T0R2
function as a standard fl ash chip. In this alternate enbodi nent,
node regi ster 910 and address pi ns A1O t hrough Al19 of the flash chip
are not required. This WO 95/ 34030
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enbodi ment enables a | ower pin count intecfgmce to AMMI chip 900 and

I's especially attractive to space constrained design situations.

I'n addi tion, %x&fkoﬁf%ﬂcdxgg&l i nee w&& Hﬁt %}dcé.bgﬁg%ﬁf?ls coupled

i nter pret DRAM when 1t

emul ating a DRAMm%@IHﬁmeMW dea busbridgepraM 1 ash menory
does not need to have arg BROME Méﬁphﬁéxﬁ&jlelmbbﬁcﬂgsmﬂ refresh
cycles commonly require y 1 Lllustrates a typi cal
refresh cycle for an AMM fl ash mm DRAM

Because an AM f| ashks pt’mqesmmthave pevoinze fasgera a@m&mbus DRAM haehave as

woul d a DRAM c ycle for
a DRAM BeBorre l%g{é:asﬁﬂﬁa* d"ﬁ g‘# E‘Zgﬁlyt dﬁﬂacﬁ{q x%l éﬁc'ri%nf 1‘°bt28?ér:15 as
does the read Processogsalaspge aﬁhﬁﬁo‘iﬁh tcrmgetfh% PFﬂ@sﬁlé'@Srﬂ?Fﬁg of the
refresh cycl e, subginable by el prititessdtls.c Shestecaiiesslufion has@ass) thes br ought

hi gh d d A9 f
AM 1ash chi jrroduca8y s GchEo f%%cmdg P PRAM I By
brought |ow  external clock sighilkie syrehrenitecptérieasingivgidhin a_(DRAM/ever
during the ref rﬁt%ga te mrcu?y&{&tﬂregyﬁﬁgldje]a fAtdrbursP Scded¥tRatEsSR (of the

row to be refr eg
e prov1d asynchronously.

Figure 14 illustrates a block diagram of a flash memory
integrated circuit that is able to emulate a synchronous DRAM
integrated circuit chip. In the embodiment depicted in Figure 14,
synchronous main memory interface (SMMI) flash memory unit 1400
combines the internal flash bank interlacing features of SFI flash 600
(Figure 6) with the row and column address multiplexing of AMMI
flash memory 900 (Figure 9).

In the embodiment of SMMI flash 1400 depicted in Figure 14,
SMMI flash 1400 functions in one of four modes as determined by the
setting of mode register 1480. In the first mode, asynchronous flash
mode, the flash memory 1400 is read as a standard flash memory. In
this mode, the reading of the contents of a first address must be
completed before a second address to be read can be specified.

In the second mode, synchronous flash mode, a clock signal
CLK is provided to SMMI flash chip 1400 and a series of addresses
belonging to a data burst are specified, one address per clock tick.
Then, the contents stored at the addresses specified for the burst are
output sequentially during subsequent clock ticks in the order in
which the addresses were provided. Alternately, if a single address is
provided to SMMI flash chip 1400 when it is in the synchronous
mode, the subsequent addresses for the burst will be generated within



been strobed into AMM flash nenory chip 900, no colum address is

strobed into the flash chip. Instead, the RAS# signal is held low for a
peri od swbbsmsicamt |y |ong to pernit the row specified to lpewessemsed (if a
DRAM was bei ng refreshed) and the CAS# signal is held high

t hroughout this period. During the refresh cycle, the data pins of

AMM flash chip 900 remain open (tri-stated). Referring again
to Figure 9, when in the DRAM ernul ati on node, control logic 920 wll
identify a refresh cycle pattern and hol data latch 980 tri-stated
t hroughout the refresh cycle. O her st amdar d . refresh cycles (e.g. CAS

bef ore RAS (CBRg refresh, _self-refresh and hi dden refresh cycles) are
wel | known i8& flash chip 140 and dhe data byrstiwill then beprayidedasner, a -
gl uel ess int aﬁ{p_ﬂefrbﬁpmé ﬂasmmp,fl-ash : chip 900 to a DRAM control ler -
I s achi eved. . Al tarnately me I nefficiency associ ated.
with enul ation In the 6]?““'& fr %}W%\Emi&i‘?rm?m%m[ @%’éﬁef its of

DRAM enul at i access memorny emodea SVEMI flashonenmwiry i 14§0xupekates 0 AMM fl ash chip

900 using a : .
PCT/ USO5/ 07 Ogiynchrmgssm Thus, row and column_addresses are s qbed DRAM

control | er t e flash memoenyolAd0 wsingrow (BAS#) @B ?ﬁluﬂfb@é&# t hat
some, if not adtitess@trdbessighiIdMSMPH!fldsh in t7400/thes coavests thel y

i i VAT
ﬁulvm i I): 2>S<Pn89‘g‘f’t%' G mélfia%?régﬁgﬁ?&a&b’ni‘@gﬁhﬁgﬂfﬁ&ﬁ%gﬁnﬁlhi D 900

woul d be r et prorides ah oufiitMheadata stored atdbatisingleadidressd, however, so
that the DRA éea[lt%ﬂeéh Bl Sm%ﬁweﬁ{d’i‘?hl | dloes not nék 10 wait
e y) rOow prec e

for a lengthy (an nnecess . arge period tQq conplete. Th
DRAM cont rol RBrexigisied BTesBarae Rerpd (08 4ok keFreshagy when in the ¢

asynchronous DRAM mode, the flash memory 1400 responds to
precharge periods and refresh cyclés as would an asynchronous
DRAM. Therefore, when in the asynchronous DRAM mode, SMMI
flash memory 1400 can be controlled by a standard DRAM controller.

Finally, in the fourth mode, synchronous DRAM mode, the
features of the second and third modes are combined to yield a flash
memory that emulates a synchronous DRAM. Thus, addresses to be
read as a data burst are specified by strobing row and column addresses
into the flash memory using RAS# and CAS# signals. The data of the
data burst is then provided sequentially as output from the flash
memory on subsequent clock ticks. '

- In an alternate embodiment, SMMI flash 1400 only has one
mode, synchronous DRAM emulation mode, or has synchronous
- DRAM mode and only one or two of the other modes.

In the four mode embodiment depicted in Figure 14, mode
register 1480 has a multi-bit output mode enable signal ME that
reflects the current mode of SMMI flash 1400. Signal ME is provided
to bank select logic 1474, bus logic 1440, TTL stages 1472 and logic and
ATD control block 1470. These circuits control the function of SMMI
flash 1400 differently according to the current mode of SMMI flash
device 1400. _

Thus, bus logic 1440 will function as does bus logic 640 of Figure
6 when SMMI flash device 1400 is operating in synchronous flash



refresh cycles for the AMM flash nenory 900. That way the DRAM
controller will not force AMM flash chip 900 to be tied up during
| engt hy (awoosns3sessary) refresh cycles. Thus, in the casepofrusesnro62

programmabl e DRAM controller, the DRAM controller can be pr ogr ammed
to generate DRAM control signals that have been optim zed to access
an AMM flash chip 900. An exanple of a suitable pr ogr ammabl e DRAM
controller is described in U S. Patent Number : 4, 785, 428,
Programmabl e Menory Array Control Signals,_Bajwa et al. I ssued
Novenber 15, 1988. Sone prograﬂmabl e DRAM control l ers permt
nore than one e of DRAMto be controlled sinultaneously by the

same control | emode andewéhbe\/ldesabéqu tre\nthergaodes.nlate fhatoin é@ has
di fferent tim R@ernate exﬁ?zl&di?ﬁeﬂthﬁﬂeiéiﬂ SMNﬁrﬁashTHéﬁcéSM@G QQ t h@fa@y
n r
Q

havi ng nore than one, DRAM a er to
have different 3BRWEE synchrora}.a ﬁh ﬁ?ﬂg@%ﬂ%@%@g’bﬁ The
DRAM are then chip 14@0, bupénstead twilltbeaprovidied loff &itpM i n a part i cul ar bank

are of the same Whex %TVIMI flash %evxce llbb'%s g@xé%fhf ggﬂ%h@ﬁ@hsﬁ"q e a

pr ogr ammabl e controller asi s,
the AMM f| ash eithgpithe mchronous| Hash 95 éarnr:hrqmél mhr d DRAM i s

placed in anot Ek%d&am“a es 14728Bank Bt 10g i@mtdrﬁi mgi%ﬁawrpl l er can be
programed to f rd DRAM

. tr
timng cyircuit 1 Gﬁfftéﬁ’rll%gél IQ@MIF%BFAFceéﬁ?f 10 ﬁ%ﬁr}gB gs %?ogr amed
to cont r ak10 landtmrlksz Ir\ivl alfernate embodimatl) intedncing willlbet i ng DRAM

|0 a vay that QRoBaRll SRbNY Mdfe tRaltRb Adkh BERLS WAthinSIMY Aath

menory 900.
PCT/ US95/ 07062 device 1400 when it is placed in these synchronous modes, .-

Similarly, when SMMI flash device 1400 is emulating a DRAM,
in either the asynchronous or synchronous DRAM emulation modes,
TTL stages 1472, bank select logic 1474 and logic and ATD circuit 1470
will control the multiplexing of row and column addresses by address
multiplexers 1492 and 1494 and the tri-stating of output buffer 1460.

A SMMI flash based synchronous SIMM can be formed using
the techniques described above in connection with AMMI SIMM 1200
of Figure 12. This would be accomplished by populating AMMI SIMM
1200 with one or more SMMI flash devices 1400 (rather than AMMI
flash devices 900) and by providing a clock signal to each SMMI flash
device.

Figure 15 is a block diagram that illustrates the main memory
organization of a computer system that uses SMMI flash SIMMs as
main memory. In computer system 1500, microprocessor 1510
includes on-board synchronous DRAM controller 1530. Synchronous
DRAM controller 1530, in turn, is coupled to synchronous DRAM
SIMM 1560 and SMMI flash SIMM 1550 by synchronous main
memory bus 1520. Synchronous DRAM SIMM 1560 and SMMI flash
SIMM 1550 together form part of the main memory for
microprocessor 1510.

When microprocessor 1510 is to access code or data stored in
synchronous DRAM SIMM 1560 or SMMI flash SIMM 1550,
synchronous DRAM controlier 1530 of microprocessor 1510 will place -




Alternately, rather than using a progranmable controller, a- speci al

non- progr amabl e DRAM control | er can be provi ded that has been

opt i ni zewd ex3qem0cess to AM flash menory 900. This speci i’brmsssmosz

non- progranmabl e control ler could either control AMM flash menory
900 exclusively, or could also control one or nore banks of

conventi onal DRAM In yet another alternate enbodi nent, a DRAM
controller that has been designed to interface to a high speed
synchronous bus (i.e. a | ocal bus) can be used to control access to
AW flash nenory 900. ProgPg&mmi ng an AWM flash chip 900 that
i s emulating DRAM is performed in a fashion simlar to witing to

DRAM As is an access mequest onsyrichzoneusinain naemory bukd520nTheladcessi ¢ 920
interprets thgquest wmmmgd%o%%m%mtmm'mfﬁshgﬁém chip and

| ssues them i e’to the protocol required by asynchronous .
mai N nenory flas hsm%gﬁg%éma“@? the synchronous p ef pr ogr amni ng (and
erasi ng) fl assynchrongud medn themgey bus 1520t HBetause SMMI tiiasRFBINIMAPpr oaches

of the tine i@?@ JBg e §$g¥ﬁr ‘s o R et DA At Rl o ' P!

exanpl e, fl assyr(ohreneuysmybﬁemesmhronous DRAM tcovmlestléﬁéswﬂhenever a
wite to AMpd h@féﬁoweésssmﬂpﬂéﬁij c:%iéiglcﬁe’gﬁ ci¥on¥s TPRAM the AWM

flash 900 nenory can be 8 |cant using the AM fl ash
devi ce 900 t A %?ertOCOI 1W§B m&’&ﬂéﬁﬁl ©F%85 iBre i nfrequently

changed and bgonjunctiors with previding af dlock\signal). aDR AN eontrolét 183ch a nenory

can be. provi QL B0 gheths I?@Mét.o%ﬁ?&%k% sh PrOHd drochalid bAaFE " (
the AWM f| asfor §dMITflasho SBIMAB5hgven thowghenilash devicedny SMMI flashory can

then be perf ospeRL 1550 %@éqﬁgrﬁéadﬂgﬁ{l ng what woul d ot herw se be
i dl e peri ods. ure 12 |IIustrgi\£ﬁ a, schene for, creating a

DRAM bommat 1 bl ¢ Furthemare, 4 AGmuRiep SYHTL IoqmicFaRTogasas 1510 e s Thi s
schene adpled tésyhcliiordus IDRAM rbatroller) 1636 Byighlspebd menory chi p

S50 1% 11, o ﬁ&e&ﬁ%ﬁ%&@%ﬁ@w coffler T35,
turn, is coup ed to synchronous DRAM SIMM 1565 and SMMI flash
SIMM 1555 by synchronous main memory bus 1545. Synchronous
DRAM SIMM 1565 and SMMI flash SIMM 1555 together form part of
the main memory for microprocessor 1510.

_ When microprocessor 1510 is to access code or data stored in
synchronous DRAM SIMM 1565 or SMMI flash SIMM 1555,
microprocessor 1510 will place an access request on local bus 1525. The
access request will be made according to the synchronous protocol of
local bus 1525. Synchronous DRAM controller 1535 will then

- interpret the access request and then make the access request to
synchronous DRAM SIMM 1565 or SMMI flash SIMM 1555 using the
synchronous protocol of synchronous main memory bus 1545.
Because SMMI flash SIMM 1555 contains one or more SMMI flash
devices that are emulating a synchronous DRAM device,
synchronous DRAM controller 1530 will be able to access SMMI flash
SIMM 1555 using a synchronous DRAM access protocol (i.e. by
strobing row and column addresses and by providing a clock signal).
Synchronous DRAM controller 1535 will also generate synchronous
DRAM refresh cycles and provide a precharge delay for SMMI flash
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- 45- AVMM__SI MM enabl es the systemto access data and direct-execute
code WOIS33% in the flash menory 900 as if it were st B EESISH7882AM
whil e requiring no system hardware nodification. Fi gure
12 illustrates an AMM SI MM 1200 that is popul ated with a single
AMM flash chip 900. In an alternate enbodi nent, AMM SI MM 1200 is
popul ated with two or nore AMM fl ash menory chi ps 900.

An advantage of the AMM flash chip 900 i$3that if a DRAM controller
exists in the system the hardware interface to the AMM flash
nmenory chip 908§IMM d5507eves Thdigle aMlAsH H66ickin IMMIIASH SIMM 1585

AMM chip to enul ate a A SI MM 1200 furt her sinplifies the
addi tion of fI&’Q‘I‘ﬁr&WE ’mﬂwmmo a conputer system This is

because AMM S| W 18&fnalarycacte T37ANS atsot conipled to docal bus 1525t Er f ace, not

only to indivi : an
[ ndﬁst ry-st andg\lriglog% k)?ﬁ%g%{rﬁgﬂ#tﬁ%?g%%r%%? ?Aﬁﬁf ﬁ?ﬁtg%%mns £ devi ces
900. All addi t synelroneus BRAY SBIMs 1360 or 1$65en SHEME flash SIMMSs 1550

conpat i 3i L ity b§1$‘3|953ﬁﬁg%€'e Qbﬁ%ﬁ@ﬁcﬁéﬂfsﬁ%ﬁw 2bddh mﬁqﬁ maﬁle to hv\hen
conpared to a Si ensi ty chip, an ash menory chip
900 can have s%ﬂFgeaill%ékwtﬁa ins. For exanple, the AW flash chip

- 900 may have a RY/ BNibtethatdltqrnatet embodiments of computdresystém 15300 @exigt r eady
to be accessedw?‘régeimﬁéér%pkgﬁg 3850 LsBE a subset o HREREH niSmBIye 1t 1S
npl'e, when e ash array s being

busy (for exa V ) ¥ as] ) progranmmed or when
a flash bl ock fapabilitygdepistaskin Figwse dborEherefore, in pne gmbasiment, pi n of AW

flash chip 900m@&roprdPdsidP P50 will Waldtess all of iROfnafP MEARbAH thiough i S
“floated"). Instead of usin é g [ BY# I nmtxcci'o rocessordfgo%rvryiﬁ'%d hen AVM
fl ash ohi p 90038 FRETgTE PRS0, Ajterbadly, mictop
all of its main memory through local bus 1525. In such a case,
microprocessor 1510 need not include on-board synchronous DRAM
controller 1530.

In yet another embodiment, secondary cache 1575 is not
available in system 1500. Furthermore, alternate embodiments exist
wherein all of the main memory controlled by synchronous DRAM
controller 1530 or synchronous DRAM controller 1535, is comprised of
SMMI flash SIMMs 1550 or 1555, respectively. Moreover, in yet
another embodiment, rather than being coupled directly to
microprocessor 1510, local bus 1525 is coupled to main memory bus
1520 by a bus bridge.

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




software is used to poll conponent status registers within chip 900 to
determ ne the program erase status of the chip. When it is
emul at i nVQOIWH, AMM flash chip 900 will : mul ti pl eETASYS/EHOED - '
addresses onto address pins Aa u I“nﬁmma“ . they are strobed into
chip 900. Therefore, address ||“ mm [0 | I Al9 are not used by
AW flash chip 900 when it is part o¢f AW * SI MM 1100. Thus, address
pi ns Al10 t hrough A19 of AMM flash chip WO 95/ 34030

PCT/ US95/ 07062 _ - 46- 900
are not connected when AMM flash 900 i'é4|50pul ating AM - SI WM 1200.
The RAS# and ignals are both provided directly to AMM fl ash
chip 900. The al so provided to read/wite logic 1210 along with-
t he DRAM WRI TE# siWhat is dlaim¥Rlid:E# si gnal i ndi cates whet her a read

ST 1200 11 ansl atec O PHER bytdkal Safrie " VR rex i gnal o provi ded to.
AWM SI MM 1200 i nteomagropopeessor:| v timed output enable (OE#) and wite
enabl e (WE#) si gngllﬁgflg?ega/lyus;._ fl ash chi p 900. ~ Although
not all flash menory chips. require an external .. programm ng vol tage
(Vpp) supply, in #hBORYHatHeERAINmMemayy, dhe non-volatilaweine memorshi p 900
b 17, Pt i, © b npmeesniiough e At speasblsd L0 0
Vee ( etsgl.o 3.3 or 2 \Ef?géj’%’g%%e%émlag se??or‘thgpmiga, Wg‘eéelgl b asgpar t 019
a standard SPRRrYQlatile main mrempoey groyides the finst data ¢oritheli nent of Figure 12,
Vbp .convert emiéroftoéssBf Widifh ff high speed bus with zero microprocessor
wait states. '
3. The computer system as set forth in claim 1, wherein the
nonvolatile main memory is flash memory.
4. The computer system as set forth in claim 1, wherein the
high speed bus is a synchronous bus.
5. The computer system as set forth in claim 1, wherein the
high speed bus is an asynchronous bus. |
6. The computer system as set forth in claim 1, wherein the
high speed bus is a local bus.
7. The computer system as set forth in claim 1, wherein the
high speed bus is a main memory bus. |
8. The computer system as set forth in claim 1, wherein the
first data includes program instructions to be executed by the
microprocessor. | o
9. The computer system as set forth in claim 1, wherein the
microprocessor has an internal cache, the internal cache storing data
for use by the microprocessor. . '
10. The computer system as set forth in claim 1, wherein the
microprocessor is a static microprocessor.
11. The computer system as set forth in claim 1, wherein the
nonvolatile main memory can be placed into an energy saving deep
powerdown state.




part of AW SI MM 1200 to take the Vcc system operating voltage and

convert it to a Vpp for AM flash chip 900."Sui tabl e Vpp vol t age
convert er sWPI334030c el | knovvn conﬁﬁT’é’ﬁ%ﬁ’Q"?‘z

avai |l abl e. These vol tage conver ’murmuﬂ"”mﬂHm“ operate as
DC-to-DC converters or as voltage punps. The WP# input of flash
chip 900 is tied to the flash nenory Vcc I nput. Vcc is al so provided
directly to AMM chip 900. Finally, the PW# input for AW
flash nmenory 900 is coupled to an ongSl MM programm ng vol t age

nmoni tori ng device 1230 such as the Ngm m MAX705, manufactured by Maxim

| nt egr at ed Pro nnyval e Callfor [rcuit -
1230 wil | hol d%;iwfx‘}?‘ f@m&ﬁéﬁﬁ?ﬂbaﬁ ?ﬁm‘l‘)@b ﬁﬁ%@p@oﬁﬂ%ﬁ | ess the
suppl y vol t agemisroprotessor camoaderthe honvblatite m@nor)ngo RRERT am‘ééth

menory 900 fr ogﬁa %‘ rasure. Thi s schene

al |l ons AWM S%U%@%ﬁ@%ﬁ%ﬂ#ﬂ% ate 1 ash ry 900.to use a Vpp
program erase vol t ale THRCOMPWHST spstem as sef forth I%ng‘?ma]r JUsheR) i nterf ace

and yet al so t@mprdirfl heFdlhdld HainamShdvy, the vbAtAe/ 43 themor
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socket i nt endeRFavidingsagongs data tpdhe miFrgprogessor thy qugh.the, hﬁé}ﬁ gpeed

wherein AM fbash nmenory chip 900 does not require the external
supply of Vpp, AWM 1? ‘YP(E Qgp %SEQ& fo‘%thVHPcFa%VﬁS Weherein the 1220.
d use

Vpp nmonitor 1230 wou to nonit Vcc For an
enbodi ment whefaspRdtdata SP‘FWFIE$ pEograse Fli‘ﬁtf‘éd’f% to be exeguted PB e generate
pur pose input/mwoﬁégf}ﬁl s, one can switch off Vpp when not

programTi ng or _erasi gy, One, can 2lsq o0t Ll (3hoNRLfim 13, wRBEid tneT Ovi de

power managenment an
volatile main memory is battery backed.

16. The computer system as set forth in claim 13, wherein the
volatile main memory is static random access memory.

17. The computer system as set forth in claim 13, wherein the
volatile main memory is dynamic random access memory.

18. The computer system as set forth in claim 13, wherein the
volatile main memory operates as a write cache for third data to be
stored in the nonvolatile main memory.

19. The computer system as set forth in claim 13, wherein the
volatile main memory operates as an external cache for the first data
stored in the nonvolatile main memory.

20. The computer system as set forth in claim 1, wherein the
computer system further comprises nonvolatile store memory

" coupled to the nonvolatile main memory.

21. The computer system as set forth in claim 1, wherein the
computer system further comprises:

a low speed bus;

a bus bridge coupling the high and low speed buses; and

a nonvolatile store memory coupled to the low speed bus.

22. The computer system as set forth in claim 1, wherein the
first data has a first part and a second part, the nonvolatile main
memory further comprising:



and unl ock. Figure 13 is a bl ragramthat illustrates the
mai N nmenory ' organi zati on of nput er stemthat uses AW flash
S| MV aswo095/34030mi n nenory. 1h co \\Wﬂlﬁoo, m CreqErosesezes: 1310

i ncl udes on-board DRAM contr ol @ﬁ@‘ ntroller 1330, in

turn, is coupled to DRAM SI letf“ AWM® fTash SI MM 1350 by main
menory bus 1320. DRAM SI MM 1360 *and AMM fl ash SI MM 1350 t oget her
formpart of the main nmenory for mcroprocessor 1310. When

m croprocessor 1310 is to access code or_.,data stored in DRAM SI WM
1360 or AM flash SI MM 1350, DRAM cont™8 l er 1330 of m croprocessor
1310 w Il place an access request, gn mai n nenory bus 1320. The access

request will be madelurglityrofnenxplatitesmespory units,Afhe phurality of v 1350
gccor di n% IVJI[VI 0 n]plbwom%?mémagy&szﬁm ingf first and a@ddmdrﬁfésﬁA dryb]!.iliitité,ﬁ28- _
ecause S cont ai,ns Qne, Qr. npr e . flas evi ces.
that are errultlé? ?lﬁ% %ﬂ#é’égﬁﬁﬁﬁf%@ﬁé being S*%P&M‘celﬁgif}fg&?ﬁe‘fx Eﬁﬂ roller 1330
wi || be abl e memaryunit axidvthe secondfpaxt lof she\first3data eeing)storaRimthecess .
protocol (i.gecdhd ﬁw%iﬂgerﬁgmﬁ uni@nd col umm addresses). DRAM control |l er
t re

1330 will al so generate refresh cycles anfi provi de precharge
del ays for AWM f PRdRterlace contrph unitothe, inferlacs genigol HathcouiTelling n Avm

flash SI MV 13béess by the@idtrdpiedesseretd tHeeplurality of nonvolakilé enomf e, in
conput er sys 4 TLCLODI0Ces S0l 13 ) . %QI ggt %M
e ST CARBBIE RraidRe IS the mierobRoBisSEr 8¢ 10,

tem.1
controller lé‘é‘%tsb f 1 g
control | er 13eerlace contnoller causing the first DrRavob e heg®ry unit tand AMM fl ash

SI MM 1355 Dy piBiidie PETirkt BH& dfthe firsFMa to the\iRi@SpAkE3sbr and the
PCT/ US95/ 07062 ) | ” S A8- (
interlace controller causing the second nonvolatile memory unit to -

begin retrieving the second part of the first data while the first
nonvolatile memory unit is providing the first part of the first data to
the microprocessor, the interlace controller then causing the second
nonvolatile memory unit to provide the second part of the first data
to the microprocessor after the first nonvolatile memory unit has
provided the first part of the first data to the microprocessor.

23. The computer system as set forth in claim 22, further
comprising a clock, the clock providing a clock signal to the interlace
controller, the interlace controller causing the first nonvolatile
memory unit to provide the first part of the first data to the
microprocessor on a first pulse of the clock and the interlace controller
causing the second nonvolatile memory unit to provide the second
part of the first data to the microprocessor on a second pulse of the
clock. ' _ |

24. The computer system as set forth in claim 23, wherein the
first part of the first data has an associated first address and the
microprocessor requests that the first data be provided to the

_microprocessor by providing the first address to the interlace
~ controller on a third pulse of the clock, the third pulse occurring
before the first and second pulses of the clock.

25. The computer system as set forth in claim 24, wherein an
address latch enable signal is provided to the interlace controller on



SI WM 1365 and AMM flash SI MM 1355 toget her formpart of the mai n

menory for_m croprocessor 1310... . VWhen mcroprocessor 1310 is to
access cod¥OI %0, stored in S| MM 1365 or AMM PCIES9HET06% 1355,
m croprocessor 1310 Wi | I|lﬂl Eﬂ 3 m;r.equest on local bus 1325.
The access request w || l‘L to the synchronous protocol
of local bus 1325. DRAM controller 1335 will then interpret the
access request and then make the access request to DRAM SI MM 1365 or
AWM flash SI MM 1355 using the protogal of main nmenory bus 1345.
Because AWM flash SI MM 1355 contains one or nore AMM flash devices
that are i | er 1330
Wil be able t FEMENP e ARUSRR e R UL SR ol K60ttt

protocol (i.e. thg lstermr@n’cmﬁa‘nd col um addresses) DRAM controll er
1335 wi Il also generZ@ter t&ﬁcises%tqaﬁhﬁh%lhﬂﬁ 22 wherein [fh€char ge

delay for AMM fl as 3 t houg ash evi ce
flash SI MM 135@9—9@5{] BaHR fﬁségsff ﬁéﬁhas Ar dssoclates 5%%%%%‘?5?5%38%?@375 is

al so coupl ed t @ndeexa@b corfrolid? 2alclifates the setondatdress basedl@ponahedirst s t o
access data or éructlons from DRAM SI MVt 1360 or 1365 or AWM
flash SI Mvbs 13@8 1355 t hat are avail able in cache 1375, the access
wi Il be made to cacl?Z. TBvscomputer systemds set forth in claim R6; whenein thet er nat e

enbodi ments of jepRY %n%ﬂb?@hl%@@ﬁe@’fhésecond ad MBS Py inePetRbhBhg SHEL €M
1300 uses a su set a eg mai n- capability depicted 'n Figure

13. Therefore, P'ﬁt ofe) termf;led H#HPCHBHr ocessor 1300 wil |l address
all of its main nen2g8y The cmgbuter systernias setforth ihudaihd20, whiereinndieel vy,

m cr opr ocessorE%%ggtegg%%e@%%&s& is ?opra” of its main nenory through | ocal

bus 1325. In s ocessor 1310 need not incl ude
on-board DRAM cont r @9} éFhe comput@agystem as set forth in|glaipe 26 awiterein the

enbodi ment,  seGRRCRLY ceﬁ&laﬁeit%zlféula%ee eﬂe second &Ydekd BleddcRempatiag tha00.
Furtherrmre altern nbodi me wherein all of thé main

menory control gt WW&)H ?‘&tF’EmeSIS‘ﬁmum or DRAM controller 1535, is
conpri sed of AVM fI38siTis dddn i:@‘é'zosysltem as set I8fh, inrclsine 29j wdieyeml\ﬂimeeover

'n yet another coBodA§RLd a&&’s&ﬁr ' BRE

31. The computer system as set forth in claim 24, wherein the
second part of the first data has an associated second address and a
request that the second part of the first data be provided to the
miéroprocessor is made by providing the second address to the
interlace controller on a fourth pulse of the clock, the fourth pulse
occurring after the third pulse of the clock.

32. The computer system as set forth in claim 31, wherein an
address latch enable signal is provided to the interlace controller on
the fourth pulse to indicate that the second address is being provided
to the interlace controller.

33. The computer system as set forth in claim 22, wherein the
first and second parts of the first data belong to a single cache line.

34. The computer system as set forth in claim 22, wherein the
first nonvolatile memory unit is a first integrated circuit and the
second nonvolatile memory units is a second integrated circuit.

35. The computer system as set forth in claim 34, wherein the
interlace controller is a third integrated circuit.
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bei ng coYQ%B@4W0rectly to ni croprocessor 310, local bus REHYSISHNBup| ed
to main nmenory bus 1320 by ab ‘i iﬂil |||||||||||| _Synchronous Mai n
Menory Interface (SMM) Il |“ for Fllash Main Menory
As processors have becone fastel, async M has becone

i ncreasingly unable to supply dat a and |nstruct|ons to these
processors at a speed fast enough to neesg-t he processing speed
sust ai nabl e by the processors One recent sol ution has been the

i ntroduction of syg Hxﬁh%ﬁ??ﬁ #herein thext er nal
cl ock si gnal to sy nchroni ze |nte eavr n W { rat ed

te
circuit and fH8 aenyolaile SCTBEFE UNitE A8 separate banks, of a fir irshe
provi ded asyﬁﬁfggemusélycmt : Figure 14.ill ustrates a bl ock di agram

aynchronous R 7+ The,FUBPRECEsieh it e b inTifh 3o BIRPETR8 201 o1 oo
in Figure 14mterlace$9ntmllenwe seeond imtegrated ixetitace (SMM ) flash nmenory
uni t 1400 comrgl Nfige LOE 'u'?éxei mfalsas%*ﬂfSﬁR"in'él&ﬂi'S@CWIﬁréxﬁ%Br es of SFI

flash 600 col u address nultiplexing of
AMM fl é%??("gégﬁpwr@b@r équgﬂr%f tby\%rst Integrated QArCHil he enbodi ment of

SW ;I?sh 1400 dey9i CTleslcompha lt@Ué}fStéxﬂ as set foftiVth dlhias 22 1WdRréinnthie onsll4 go
one of four e in ister

In the first r}ﬁgﬁéa& lﬁ%ﬁf%}%ﬁ% t?%gglhassocxateg@}és r??q]'e 44‘%&1%2‘%&/ 1400 is
read as a st zolama address andovhereim the microprocessoe initiates acogsstp the t he
contents of Firbi pait o?Ciﬂi‘i’frgt &by Broviding BEPLiRk HWWOEAGBlAnACCONd addr ess{

to be read ca Eecr t he second node, synchronous
flash node, R94reIsesded gpnterlaceeg;{trp;lebr ovided to SW flash chip 1400 and
a series of addred§esThe computer system as set forth in claim 39, wherein the

first row address is provided during a row address strobe pulse and the
first column address is provided during a column address strobe
pulse. _

41. The computer system as set forth in claim 39, wherein the
second part of the first data has an associated second row address and
second column address and wherein the microprocessor initiates
access to the second part of the first data by providing the second row
and column addresses to the interlace controller.

42. The computer system as set forth in claim 41, wherein the
second row address is provided during a row address strobe pulse and
the second column address is provided during a column address
strobe pulse. |

43. The computer system as set forth in claim 22, wherein the
first data has an associated row address and column address and
wherein the microprocessor initiates access to the first data by
providing the row and column addresses to the nonvolatile main
memory.

44. The computer system as set forth in claim 43, wherem the
row address is provided during a row address strobe pulse and the
column address is provided during a column address strobe pulse.

45. A memory device comprising:



bel onging to a data burst are specified, one address per clock tick.
Then, the contents stored at the—addTEsses speC|f|ed for the burst are

out put seqYOMPM3Py during subs § in the orBEFUH07062
whi ch the addresses were provi d m Iu if a single address is
en

provided to SMM flash chip 140 Hl SSI n*t he synchronous node,

t he subsequent addresses for the burst w Il be generated within WO
95/ 34030 PCT/ US95/ 07062

- 50- SMM flash chip 1400 and the degge burst will then be provided as
output fromthe flash chip. In the third node, asynchronous DRAM
(dynami ¢ random RAGRS BF BRYOLEE Serl bEhRS ARy fitdOthenul al es
asynchronous DRAM w and col um addresses are stro into

fl ash menory 159@911% @k%ow (RAS#) and col unm ( CASH) address strobe

signals. SW fl ash ameimenladedobhirbiier, thaatdriacehmntrollerr amtroitingol urm

addresses internall N tput th
data srored at e oAb RO RESVEIERR Bilnory balhs thiEiietacl ' BUL "
flash nenory 1400trolles cawsingdhe first bank te previdedfinst datmang Cﬂ@?ﬂ"&ﬂ’@r to be
refreshed, whegeidhd B@nk to gﬁi’f&ﬁ@@ﬁ%"&c@%’\&mdﬁhxléﬂ% kas’t&fhﬂl@is”ory 1400

DO o probigind by b g i o otk et oo, s
flash menory 14@8€bridibatik t6 prbvidel the seyord slatenaftexthioRivdt bankrhads! er .
AL ey e nous DA e, e emry that
enul at es a synchr ondés TiRamenmonysdevigel ﬁé§§é§n‘ﬂb iy glaim 45, wherein a clock

signal is provided to the interlace controller, the interlace controller

causing the first bank to provide the first data on a first pulse of the

clock and the interlace controller causing the second bank to provide

the second data on a second pulse of the clock.

47. The memory device as set forth in claim 46, wherein the
first data has an associated first address specified to the interlace
controller on a third pulse of the clock, the third pulse occurring
before the first and second pulses of the clock.

48. The memory device as set forth in claim 47, wherein an
address latch enable signal is provided to the interlace controller on
the third pulse to indicate that the first address is being provided to
the interlace controller.

49. The memory device as set forth in claim 47 wherein the
second data has an associated second address and the interlace
controller calculates the second address based upon the first address.

50. The memory device as set forth in claim 49, wherein the
interlace controller calculates the second address by incrementing the
first address by a predetermined amount.

51. The memory device as set forth in claim 50, wherein the
predetermined amount is one.

52. The memory device as set forth in claxm 49, wherein the
interlace controller calculates the second address by decrementing the
first address by a predetermined amount.



read as a data burst are specified by strobing row and col unm addresses
into the flash nmenory usinnals. The data of the

dat a bur wo 9®3403en provi ded sequenti al | Mgm ut put from t lpeTidsesévos2
L5

menory on subsequent cl ock mmﬂ“‘\m L“‘ 'I'n an alternate embodi nent,
SMWM flash 1400 only has ongl iy hr onous DRAM enul ati on node, or

has synchronous DRAM nodle and only .one or two of the other nodes.

In the four node enbodi nent depicted in Figure 14, node regi ster 1480
has a multi-bit output node enable signal_ ME that reflects the current
node of SMM flash 1400. Signal ME is pf@Rﬂ ded to bank select 'logic
1474, bus |ogic 1440, TTL stages 1472 and Iogi.c and ATD control bl ock
1470. These circuidds TEoemmeamonhdevi¢aasiseh forthdmalaim 52, wherein theo -
differently gefirifing® dhiSufitiy 8A. Node of SMM fl ash devi ce 1400.

Thus, bus | ogic 1440 || functi,on, as does s | oqgi c ,.840.0of .Figure 6 .
when' SV {1 ash ddk cEhe IR URlicRas et For il R CHn Slehereh e © o

95/ 34030 second data has an associated second address specified to tR€TMiefiagé 07062 _
-51- A [ ' {hat in an
alternate e%@flﬁgﬁf \M%‘l‘erfg‘?fr%ﬂéf}@?é ?’?5@%%&% @Jieé]@ﬁgp g’?%%é?a |ntrr1l as a
generic synclaftgndhe thirdspulseof the clogk. | ogi ¢ 1440 will not be part of

chip 1400, but ingseaphdVimdmés; Beeick @8GepForth thRiaim 54, wherein\then SMM

[L2sh dovtce ih0ed e 2 b SHIE I SUH s liveracs SSRGS 0
1472, bank sehedoutthgpuisd 40 indicattel thgt thexsetoA@iladdress is beingtprogidedn | |
control the igterliaed bedordfsifigses to flash banks A

56. The memory device as set forth in claim 45, wherein the ‘
first and second data belong to a single cache line.

57. The memory device as set forth in claim 45, wherein the
interlace controller can enter a noninterlace mode, when in the
noninterlace mode, the interlace controller will not permit a second
access to the plurality of nonvolatile memory banks to begin until a
first access to the plurality of nonvolatile memory banks has
completed. ,

58. The memory device as set forth in claim 57, wherein the
interlace controller can enter an address multiplexing mode, when in
the address multiplexing mode, a particular portion of one of the
plurality of nonvolatile memory banks is specified to the interlace
controller by a row and column address pair.

59. The memory device as set forth in claim 58, wherein the
row address is provided during a row address strobe pulse and the
column address is.provided during a column address strobe pulse. -

60. The memory device as set forth in claim 58, wherein the
interlace controller combines the row and column address pair to
form a bank address, the interlace controller then uses the bank
address to specify the particular portion of one of the plurality of
nonvolatile membry banks to access.

61. The memory device as set forth in claim 58, wherein the
first data has an associated first row address and first column address



1410 and B 1420. In an alternate enbodinment, interlacing will be

performed anong nore than two—f-ash--banks—w-thin SMM fl ash devi ce
1400 when WO 95/8403¢ aced in t hes Qus_nodes. PCT/B595i07062| v,
when SMM flash device 1400 B&I@iﬂﬂﬂgm ﬂl’ H in either the
asynchronous or synchronous S, : TTL stages 1472,
bank select |logic 1474 and | ogic and ATD circuit 1470 w Il control the
mul ti pl exi ng of row and col um addresses by address . multiplexers 1492
and 1494 and the tri-stating of output buffer 1460. A SMM flash
based synchronous SI MM can be formed using t he techni ques descri bed

above in connectjon wth AW, SI MM.1200 of .Figure 12. This.wuld be
acconpl i shed bP3P I¥heTginaphe Indengse contrci%oxrg\ﬁl?t%s BReeS8 rtorfElFZﬁr\éf\)/l\/I f1 ash
devi ces 1400 (datdhapohlraceiivlg the firstirbmsandeoluran @Bixessesd by providing a
cl ock signal to each,S I s i : ; Ri s a

bl ock di agram t hat ?F1 lbjflsﬂer%fgg&y h%evr%gélin rsréﬁ%orr§/h m claugtr gldn‘{vgg{e?%njtﬁ%f a
conput er syst efirstirow addressigreceiveshduringta royv addressgstiphecpialse andithgonput er

system 1500, ngesi0RiQadSaddirets iPreceived AGHHEEScOlUmP aBdr&sntiobRneuise DRAM
controll er 1530. S;I\l/gghr,&nous | er é?SO in,turn,.. i s coupled

DRAM t
to synchronous DRA %qg@vé%ag%{%%%c TG BRI 06 -1y onous

mai n menointetiace t62R0ll&y onbinesuheDivalréowl\and s6urandaidsivess paiadio

SI MM 1550 toge f t | ) ssor
Tr0, o COCHt BSROAK adtireld IO BRI DK rofler then uiSHIPBARESID]
in synchr address tRspecfimhat the fisst daaof thefirstdamlg is 4 be accessed.

3 ﬁlng%ggous DRAM coB! iHeSineditly) ddvice 65 Q8 RIAS 50 lalMlol, Wrherddh ake WO

second data has an associated second row address and Ee%ynl&sgo%{.lgl?rp 62
address pair and wherein the interlace controller initiates access to the
second data by upon receiving the second row and column addresses.

65. The memory device as set forth in claim 64, wherein the
second row address is received during a row address strobe pulse and
the second column address is received during a column address strobe
pulse.

66. The memory device as set forth in claim 65, wherein the
interlace controller combines the second row and column address pair
to form a second bank address, the interlace controller then uses the
second bank address to specify the second data of the second bank is to
be accessed.

67. The memory device as set forth in claim 45, wherein the
interlace controller can enter an address niultiplexing mode, when in
the address multiplexing mode, a particular portion of one of the
plurality of nonvolatile memory banks is specified to the interlace -
controller by a row and column address pair.

68. The memory device as set forth in claim 67, wherein the
row address is provided during a row address strobe pulse and the
column address is provided during a column address strobe pulse.

69. The memory device as set forth in claim 68, wherein the
interlace controller combines the row and column address pair to
form a bank address, the interlace controller then uses the bank



-52- an access request on synchronous main nenory bus 1520. The
access request will be El;%e_tg_gmmoneaq DRAM SI MM 1560 or SMM
flash SlwolsB8@0accordi ng to tThe synchronous ot ocol of PCT/USESMEEZr ONOUS
mai n menory bus 1520. Because m\m‘m &ﬂm 1550 contai ns one or
nore SMM fl ash devices that a 4 synchronous DRAM devi ce,
synchronous DRAM control l er 1538 wili" " be able to access SW fl ash

SI MM 1550 using a synchronous DRAM = ‘access protocol (i.e. by strobing

row and columm addresses in conj uncgjon wth providing a clock
signal). DRAM controller 1530 wil | So generate DRAM refresh cycles

and provi de prechar e del ay for SMM flash Sl even t hough a
flash devi ce 344r e(%@tie particylar postiongfione M%/Iéé
Furt her nore, ncmvmmletmemnz leanksSd0acaess.r opr ocessor 1510 |s coupl ed

t o synchronous DR/% #g?ﬁg%l%gg&tﬁqgecgmm 48?%3“%%];'0& us | ocal

bus 1525. Synchronous §{X coupled to
synchronous BRshAatavis identified bysvfirstfaddress and whevrin 8@smemnarynchr onous

LD e Kefa@égéﬁﬁﬂ;e/m pASGY'S frst agBRAV SHMrSRReARE %ﬂﬁoﬂ%:?s h_SI W
Lo55 t0get e elliR khe Brst adsirere R ang TSl 9 lll SHARLOTE

synchr onous DaYal thefidst 280ress (idd td thasintéillddd donttfoller causinigethepfimstessor
1510 wi | | a%%kat%dé‘%accoragﬂyﬁsé gn | ocal bus 1525. The access

request wl | ‘he synchronous protocol of | ocal
bus 1525. Synchror@usT hmmmom devicerasisgonthlin claian 70, whereindhgr et t he

S W 1565 o ey Fhae b R bye SEhd RABRSE ah e R o o ¢
usi us p

Syneht onous. HEVRCS BHFGRGF GraPHisersa second addiess datgimAne TMSHAGH i 1555

cont ai ns one controllee coivdoliing she secondtlsdfdms latohtangl eausing dhe second

synchr onous 30 will be able
to access SNWF%;‘%E&FK’ l%fW%%BUSI N ngﬁr Ollgl@(;%,ll{st8 access
protocol (i.«onggpller causingdbersgcensybank t@cpremﬂ%ﬁmmed data- by providing a
cl ock signal). 72. Sméhiéiﬁétysd@ﬁ%ﬂaﬁ%t E&'thfih cl&ab48/ tvt\e?éxﬁqhaener ate

fslyggﬂr ONOUS ™ firet da[.)BAis iden ﬁﬁ cli'b achrsi a%?idesm e weiteret?\rt?\e mteq' a.cgeI ay for SWM o
controller further comprises an address transition detector, when the
address transition detector detects an address transition to an address
of the first bank, the interlace controller causes the first bank to
prépare to provide data.

73. The memory device as set forth in claim 72, wherein the

' second data is identified by a second address and wherein when the

address transition detector detects an address transition to an address
of the second bank, the interlace controller causes the second bank to
prepare to provide data. - _

74. The memory devxce as set forth in claim 45, further
comprising:

an output buffer, the output buffer storing output data; and

a bank selector, the bank selector selecting the first bank to
provide to the output buffer the first data as the output data when the
first bank is providing the first data and the bank selector selecting the
second bank to provide to the output buffer the second data as the
output data when the second bank is providing the second data.
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1550 even WRAISE#38 fl ash device in S 1555 PCTUSIWPPR need
t hem Secondary cachelmwiﬂl !m @!E fed to | ocal bus 1525. |f
m croprocessor 1510 attenpts to I=nstructions from

synchronous DRAM SI MV 1560 or 1565 or SM\/I flash SI M 1550 or 1555
that are available in cache 1575, the access will be made to cache
1575 instead. Note that alternage embodi nents of conputer system
1500 exi st wherei n conmputer system 1500 uses a subset of the main

nmenory capabi | i
m croprocessor IO1500 7\§Ay ﬁgg“f&g‘g‘?} afﬁcg;érsesteé%r%ﬁ%r&;&{ 25, %ﬁtﬂ}e enbOdlnarT?Rt ’
menory bus 152@onmms;ngéptx§|specmcdﬂsm thebys speafig | %lplre@ﬁaums us all of

its main Teror E&H&Liﬁ la1dared br80idihg budEpediffdG@put signals &xi opr ocessor
1510 need not cI ude g rd synchronou% Cd%l controll er 1530.

In yet another r@?ﬂﬁtﬁenent, secondary cache 1575 is not available in
system 1500. Furt he76prFhe memornyadlevieatasdietréortl imxdlaim 45, furthesrein al | of

Synchr onous. DRARFEHERE A éa*’?%%@??@ﬂﬁ*%%%@“&%*ﬁ 2 B T
1550 or 1555, sigrpdbaseduponnbedustdata whepithe first datat isqrorideshi nent |

rather than being cogpl-pgb ek 8} deliRe as set Forth GRIQ4186 6] whietéin thecal bus
1525 is coupled to main nenor

br,i dge I
t he foregoing ﬂﬁé’é}’ﬁeeﬁ’fart%g? aF‘??\PeH?Tl%SlﬁggP %ﬁ‘i‘bus hl‘%g%?ond datg; "
reference to speked tite secongd daty isdrodideshnt s thereof. It will,

78. The memory device as set forth in claim 45, wherein at least
one of the plurality of nonvolatile memory banks is comprised of
flash memory.

79. A memory device, comprising:

a nonvolatile memory bank;

an address demultiplexer, the address demultiplexer receiving a
multiplexed row and column address pair and combining the row and
column address to form a bank address, the bank address being used to
access the memory bank.

80. The memory device as set forth in claim 79, wherein the
nonvolatile memory bank is a flash memory bank.

81. The memory device as set forth in claim 79, wherein the
nonvolatile memory bank is a flash memory and the memory device
emulates a dynamic random access memoi'y {DRAM) device.

82. The memory device as set forth in claim 79, wherein the
address demultiplexer comprises:

an address latch, the address latch having a row address latch
and a column address latch;

an address multiplexer, when the address multiplexer receives
the row address, the address multiplexer provides the row address to
the row address latch to be latched therein, when the address
multiplexer receives the column address, the address multiplexer
provides the column address to the column address latch to be latched
therein;



however, be evident that various nodifications and changes nmay be made
thereto without departing f rsSpirit and scope of t he .

i nvent i owoas;34030 forth in the a The speci fP@ﬂtSstosz and
drawi ngs are, accordingly, t?\mﬁoﬁ “an illustrative rather

than restrictive sense.
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VWhat is clained is: 1. A conputer system conprising: -

a m croprocessor; a high speelég_ bus; : a nonvol atile

mai n nmenory, the non-volatile main neno provi di ng first data to the

m cr oprocessor through the high speed bus The conputer
system as set for PRC§ fherewAnd oy pAdresses have ﬁ’Gﬁn\}%'lCH?dllé thgi n nenory -

Er ovi def, t healliirest 1ahatieoaddess 1atchrprevmmhe&sw afdircolghnt he hi gh speed
us wt zer [0) esso COITpUt er .
et om ns” coRaftest APl RBory bankhsith HRbK ddress sed g actesy e menory | s

fl ash nmenorymemory bank. 4. The conputer systemas set forth in claimil,

wherein the hggh [T RS- 7 h 5. The
conput er system %8 seT?ﬁ?glrgﬁy?ndén%?ny m,ggfg?ﬁ “ﬁeg w %reuhﬂé%eed bus is

an asynchr on8¥ ess is provided 'Grmgﬁer% Agdress %S@Fd?ﬂlé%a§8t theorih in
claim 1, whegelummn bddress ibipgbvitiededulitig a colamroaddrdss Strobe pulse.

- 84. The memory device as set forth in claim 83, wherein the
address demultiplexer comprises:

an address latch, the address latch having a row address latch
and a column address latch; - | ' (

an address multiplexer, during the row address strobe pulse, the
address multiplexer receives the row address and provides the row
address to the row address latch to be latched therein, and during the
column address strobe pulse, the address multiplexer receives the
column address and provides the column address to the column
address latch to be latched therein;

once the row and column addresses have been latched in the
address latch, the address latch provides the row and column
addresses to the memory bank as the bank address used to access the
memory bank.

85. The memory device as set forth in claim 79, wherein the
address demultiplexer can enter a nonmultiplexed addressing mode,
when in the nonmultiplexed addressing mode, the address

" demultiplexer receives a bank address and uses the bank address to
access the memory bank.

86. The memory device as set forth in claim 79, wherein the
nonvolatile memory bank does not require refreshing and wherein
the address demultiplexer further comprises a refresh cycle detector to
detect a refresh cycle.

87. The memory device as set forth in claim 86, wherein the
memory device further comprises a tri-statable latch coupled to the
memory bank and to the refresh cycle detector, the latch adapted to
hold data for an access to the memory bank, and further wherein if




7. The conputer systemas set forth in claiml, wherein the hi gh speed
bus is a nmain nenory bus. —————-—8_._Ihe_camouter systemas set forth in

claimi, 03he a includes program i nst r ufGToESAYshe
executed by the micr opr oce I”"l""'ﬂ m ME The conputer system as
set forth in claim1, wherein t és has an internal cache,

the internal cache StOI’I ng data for Use by the m croprocessor.

10. The conputer systemas set forth in claim1, wherein the

m croprocessor is a static m croprocessor .g5- 11. The conputer
systemas set forth in claim1l, wherein the nonvol atil e main nmenory can

be_pl aced i nt 0 0 LD AL WAl ERects 2 RUBRIGHR, Bldtdiresh cyce WO 95/ 34030

12. The conput sletester sanses thedatrhtorrirstate during the gpfzesh aydlee

m croprocessor can @gdes rhbfmdrpsvublaistdif d&f@ﬁgm o enter and to | eave
the deep power down y s%‘s & stemas,set forth

inclaimi, further at%ast%ppgyﬂlgatge \W)‘F’ﬁf’” gg-‘g&eﬁ, ?Peﬁi%’r"k? PGS i | e
mai N menory for provitigla ngrrespmrdingapcn'tmn dfreepageobdatecessor t hrough the

high speed buS ,p mterlacsee(c:%trlllé'él(}eg ﬁ%ﬁpg% file A¥ALEIRHIS xﬁ&hoi-frt hin

claim 13, wherein the rograminstructions to be
executed by t halevices and-eareldiagsan mterlaced read of the page Qfom grthgyst em as

set forth in cligigfakd.conbdlIet Aetdt®s a read operation to the page, the interlace
controller enables the memory devices and causes each memory
device to read the corresponding portion of the page, the interlace
controller then sequentially enabling each memory device to output
the corresponding portion of the page.

89. The memory sub-system as set forth in claim 88 wherein
each memory device is a flash memory device.

90. The memory sub-system as set forth in claim 88, wherein
there are a plurality of pages of data including a first and second page
and wherein the interlace controller further comprises a page
transition detector to detect a transition from a read operation for the
first page to a read operation for the second page and if the transition
is detected, the page transition detector causes the interlace controller
to control the reading of the second page from the memory devices.

91. The memory sub-system as set forth in claim 90, wherein
the page transition detector detects every page transition from one
page of the plurality of pages to another page of the plurality of pages

" and if the transition is detected, the page transition detector causes the
interlace controller to control the reading from the memory devices of
the page to which the transition was made.

92. The memory sub-system as set forth in claim 88, wherein
the interlace controller receives a clock signal comprising a series of
clock pulses and wherein the interlace controller sequentially enables
each memory device to output the corresponding portion of the page
during a different one of the pulses of the clock signal.

93. The memory sub-sjzstem as set forth in claim 92, wherein
each of the portions of the page has a corresponding address, wherein



volatile main menory is battery backed 16. The conputer system

as set forth in claiml13, matlle main menory is static

random awResm34089NDr Y . mmﬂmut er system peT/ASssS/07062t h i n
claim 13, wherein the mm“m“m ry is dynam c random access
menory. . The corrputerL sy'stém &s set forth in claim 13,
wherein the vol atl |l e main nmenory operates as a wite cache for third
data to be stored in the nonvolatile main nmenory. 19. The
conput er systemas set forth in claim 13, wherein the vol atile main
menory operates as an external cache for(’q he first data stored in the

nonvol atil e nmain nenory 20. The. conputer systemas set forth-in
claim1, whertBernteglace contr@élﬁp@e@ivwgtdeﬁemtaﬁér sovfpflieses nonvol atil e

store menory corres éﬁdﬁ{geddaﬁéské‘s%ﬁﬁﬁgcﬂ ééﬂréspdﬁalﬂ mff@fétlt one of the 21.
The conput er ecig em.as_s ut er

th
Syt om Fur { I pCead whleln thdintefalh Anfer e Gfises e 87" 0
bri dge coupl |afgheipm'hog$| ofithie page $pdedutpaein thendrder in which the nonvol ati | e

store nenory a%?ﬂ@%%gﬁ&etlj&eﬂv?&’ speed bus. 22. The conputer
i

system as set n cl erein the first data has a first part
and a second part 9% hEhe\BIRROEH $‘F‘E'SH§PW as setpforthy in elaim RS, whgrsh si ng:

WO 95/ 34030 the interlace controller receives an address latch enable pulse when
PCT/ US95/ 070

E ol iralt Ly dfe slitforsns addzessaf the crresRondling asidrestes s tgbe re9Rd L o1 ati

menory units incl 835 ribhé memognsulreystanh assetrfprimin elaim 93, wherein if
the interlace controller does not receive addresses for every portion of
the page, the interlace controller will only cause the portions of the (
page to be read that correspond to the addresses received.

96. A system comprising:

a high speed synchronous bus having a data burst access bus
protocol;

a nonvolatile memory device having at least two banks of
nonvolatile memory and a generic interlace controller to control
interlaced accesses to the banks according to a generic data burst access
memory protocol; '

a glue logic device coupled between the high speed
synchronous bus and the nonvolatile memory device, the glue logic
receiving the burst access bus protocol from the high speed bus of a
burst access to the nonvolatile memory, converting the burst access
bus protocol from the high speed bus to the generic data burst access
memory protocol, and then providing the converted generic data
burst access memory protocol to the memory device.

97. The system as set forth in claim 96, wherein at least one of
the banks of nonvolatile memory is flash memory.

98. The system as set forth in claim 96, wherein the data burst
access bus protocol uses a linear addressing sequence.

99. The system as set forth in claim 96, wherein the data burst
access bus protocol uses a non-linear addressing sequence.

100. The system as set forth in claim 96, wherein the glue logic
device further comprising bus specific logic, the bus specific logic



the first part ofhthe fi rzt data- being storeddl n the first nonvolatile
second no8PHHEE  neor y uﬁ?i ﬁtlllilfg,llltllfill!fl hﬁf maf terl ace cORTBIROME, (e

interlace control unit contro si by the m croprocessor to

the plurality of nonvol atile nenory Sunrts, if the first data is to be
provided to the m croprocessor, the |nterlace controll er causing the
first nonvolatile nmenory unit to provide the first part of the first
data to the m croprocessor and the igaterl ace controller causing the
second nonvol atile nmenory unit to begin retrieving the second part of

the first data, é(l?h}xﬁétqlfs éﬂéc?ci input s1£x9ﬂ¥?f%'th€ DS HHdY Wxﬁxﬁ?bﬁ&ow di ng

the first part o mcroproc ssor he interl ace
control | er thefPed §i°ﬁ§l-"‘5‘h@8§@édﬁcfhebus InTEARONS® i | e menory unit to provide

the second part of tOr fThe sté&hassetformmWQrfumﬁeempnmgar t he
first nonvolatile ne unt [ OVI L t he
first data to PﬁB%SE’P‘E}%F‘?fc&%B?’“Y generapor gen%g%-nrlél %éj aclgi(’;ﬁp er bsags em as
set forth in chpomtﬁédatmbufw’oemgacmssqﬁl sing a clock, the clock providing
a clock signal to thg PE?&%IQSFY modul‘é%trﬁﬁllxéxﬁé the interlace controller

causing the first nonvo to provide the first part of
the first data to tRenonvola %W@B@ssor on a first pulse of the clock and
the interlace contrglihemory mogalsbbgrd ponewhich ﬁwnoh&bldtﬂermamoyyunl t to

provi de the second art of the fi IS on a
second pul se ol F’r?émted | ERCTY Hodule Bogladtzif h%] e(EH‘Bgs %aas set
forth in clai npﬁ@mduhéhemmnvbhule mefiorgtwithra mjﬂtxph@( r@W a has an

associated firg n?ﬁixg SRHAF Bafion’ RUkes thet hat t he
first data be provi ?%ﬁ‘eﬁnﬁaﬁqﬁdxcatmgr%?ﬁ ggorrog " providing the first

ro
address to thenpﬁi’@(alt%é“emor}’ é@rhqﬂqeéﬁedorﬂc‘ﬁ ROV I%‘@“&ﬂryt he cl ock, the
third pul se ocgéh'ersgmg the meﬁﬁj‘r recatien imdh%ﬁtealnd second pul ses of the cl ock.

25. The conputer sy :g S setgﬁ;‘ ?%ﬂgﬁa ¢ P?ﬁiﬁ‘ Slgg?‘ fq%)é"?ﬂ%rﬁm the addr ess

| at ch enabl e si gnal
nonvolatile memory is comprised of at least one flash memory

device.

104. The memory module as set forth in claim 102, wherein the
nonvolatile memory emulates dynamic random access memory.

105. The memory module as set forth in claim 102, wherein the
nonvolatile memory emulates asynchronous dynamic random access
memory.

106. The memory module as set forth in claim 102, wherein the
nonvolatile memory emulates synchronous dynamic random access
memory. '

107. The memory module as set forth in claim 102, further
comprising a voltage converter coupled to the nonvolatile memory
and to the memory module board, the voltage converter converting
an operating voltage from the memory module board into a
programming voltage and provxdmg the programming voltage to the
nonvolatile memory. -

108. The memory module as set forth in claim 107, wherein the
nonvolatile memory can be disabled and wherein the memory
module further comprises a programming voltage monitor coupled
to the nonvolatile memory and to the voltage converter, the voltage
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third pul@9%¥303hdi cate t hat ns .i's bei ng pPSUTUS9507062
the interlace controller. \ n“ “ conputer systemas set forth
in claim?24 wherein the - tpa¥t of *the first data has an

associ ated second address and the interlace controller calculates the
second address based upon the first addr ess. 27. The
conputer systemas set forth in claim26ggwherein the interl ace
control l er calcul ates the second address %y |ncrenent|ng t he first

address by a predeterm The,co ter system as
Set fortn i n HORRrROnRtrE e hogramming, yoltaBs: o RO RIS one.
29. The corrpuccmve;;stmgemmgf voltage and|ifithe péogremuming mge

i nterlace conﬁﬁ&hh@& he Wit WlatRemaiaY s HE Fahify PRI ey t he

first addres anount conput er

system as setV® s%rmgem ¢ Koltage JeniPR disabling thepneast:l@m? FReMARbuUNt i s
one. 3109. TThe GRGIALEE mSdGlect® s fofth ino¢latin 1085 WwiiefeiAdthewher ei n

2 requeshorfiptined %L%rcﬁé?@%{%%ﬁ‘ﬁ%efﬁgssa%é? PofteSBIal et o o he
m croprocessor is hileThg memery imodulesssset darthandclaiss 102, wherein the
interl ace Conﬁfe%c%]lyn'ﬁialgef1§"drélﬂg¥¥irﬁﬁn9fm @%rf'xﬁ&&ulé he fourth pul se

occurring after t ul se e cloc , 32. The conputer
system as set fort HEnASYSISM SPMBPRIRG n an address | atch enabl e

signal is provi dedatrriviotatilet iehtwy nwdule/Havingm nonvolalite fmermioky pul se to

control Fer - devite AP £ diamittiabichh BliesS dnemory (PRAM QT s,
wherein the devicgiand and second parts of the first data belong to a
single cache line.; pRAM con!:roll%f1 Jgﬁeﬁqwh%oﬂﬁﬁﬁ@ﬁé fo” hin
claim 22, wherein the flrst ‘non unit I1s rst
i nt egr at ed cimogule and eontrolling access to t the nonvomxlz memory modu
112. The system as set forth in claim 111, wherein the
nonvolatile memory device is a flash memory device.
113. The system as set forth in claim 111, wherein the
nonvolatile memory module comprises a plurality of nonvolatile
memory devices. _
114. The system as set forth in claim 111, wherein the
nonvolatile memory device emulates an asynchronous DRAM
device. .
115. The system as set forth in claim 111, wherein the
nonvolatile memory device emulates a synchronous DRAM device.
116. The system of claim 111, further comprising a volatile
“memory module having a volatile memory device, the volatile
memory module coupled to, and controlled by, the DRAM controller.
117. The system as set forth in claim 111, further comprising a
high speed bus, coupled to the DRAM controller and indicating to the
DRAM controller the accesses to the nonvolatile memory to be
controlled by the DRAM controller.
118. The system as set forth in claim 117, wherein the high
speed bus is an asynchronous bus. |




second nonvolatile menory units is a second integrated circuit.

interlace WSHA53d030er is a thi r,d i nt egrat e'mew t. WBCTASS147962

PCT/ US95/ 07062 EU_ Iw'm“m m“ﬁ 22, "viherein thgs- e

36. The conputer system as 's:
and second nonvol atile menory uni'ts"ar®e separate banks of a first

integrated circuit. 37. The conputer systemas set forth in
claim 36, wherein the i nterlace cont r_gé_l er is a second integrated
circuit. 38. The corrputer system as set forth in claim 36,

wherein the I nt controlle s.part, of t ated
circuit. ﬁ§9aﬁ’ﬁ1 53 %‘?‘ f8§f§‘t é‘rﬁlggnslé? Wgﬁ#?hltrhgcﬁ m 22,
wherein the speedrints 1paraymhmxtmlsfbust data has an associated fi rst row

address and first 120 ofldERadliess M WAL 111G 1EIGRARECR

initiates access ta st part of irst data by pr d| ng the
first row and cpeasbus is a main MMy Bus-he i nterl ace controller.

40. The conputer Sysltzqm'ﬂ&ﬁﬁéteﬁoiééhtlfﬁrtwmlmﬁﬂIlv&hﬂv&\eréintthe high first
row address iscfg)r él ded d:i qg’ a row address strobe pul se and the

first colum a &Lﬁsésﬁ LA ¥EF" dur i ng a colum address strobe pul se.
41. The conputer sysk2@mEhe systemors setifortd ini claize 11¢hrgher qomeprising aecond

part of the firg Eﬁ%%aa?é RASREhateh qo&g\%u%ddress and second
n

col um address a er el n m cropr.o ini.tia agcess to the

second part of the fl%stT%ﬁﬁtW %ﬁﬁﬁﬁlfﬁﬂhgmt‘ﬂé“%é& COmpTiging &l urm
addresses to thaidropRidedsct couplédkd ehie high speed local bus

124. A method of accessing a nonvolatile memory device, the
method comprising the steps of:

providing a first address to the memory device, the first address
specifying a first location within the nonvolatile memory device to be
read;

receiving a series of output data from the memory device, the
output data from the series of output data including first data stored at
the first address.

125. The method as set forth in claim 124, further comprising
the step of:

providing a clock signal comprising a series of output clock
pulses to the memory device, each output clock pulse signifying to the
memory device when a different one of the series of output data is to
be received from the memory device. | '

126. The method as set forth in claim 125, further comprising
the step of: _
providing an address latch signal to the memory device
when the first-address is provided to the memory device to indicate to
the memory device that the first address is being provided.

127. The method as set forth in claim 124, further comprising
the steps of: providing a clock signal to the memory
device, the clock signal comprising a series of address input clock
pulses followed by a series of output clock pulses, each input clock
pulse of the series of input clock pulses being provided with a



42. The conputer systemas set forth in claim4l, wherein the - second
row address is provided durin r obe -pul se and t he
second cHIQAHI4@¥dress i s provided durlﬂﬁ“&\gﬂ urm addr essPCT/US9SM7062be

pul se. : 43. The co set forth in claim22,

wherein the first data h row address and col um
address and wherein the m croprocessor initiates access to the first
data by provi ding the row and col um addresses to the nonvolatile main
menory. 44. The conputer sy? Em as set forth in claim43,
wherein the row address is provide durl ng a row address strobe pul se
and t he col um addre IS prayi.ded ﬁO' um a»éress strobe

pul se. correspopging,a P PPEEYIRE & PP |1ﬂd e memorygegiedeo3o

PCT/ US95/ 07062 read, each output clock pulse signifying to the memory devide9-
a pIurallty i second
banks %h&?g dﬁfg{‘énr{t ace gﬁﬁf %#ﬂgg etg)lséaeclger&g%'ﬁ r &P er
control i ng the memysbewcxe t he pI uraI ity of nonvol atile menory banks, the

interlace  COaPBI OFReintiRoLE a8 et Ftth iR HaiRP 1R tfﬁrt@n@?%bﬂﬂ)ﬁdxﬁ t data and
causi ng the he second bank to begin retrieving ‘second data whfle the
first bank idhe seps‘ifrow ding the first data, the interlace controller then
causi ng the previdirg kanaddresp iatch digndlcothe anemabay alewidecwithhe fir st
bank has cR" dmhory devi ce
as set forthSH cal(a W&Q&Z&gbﬂ%ﬁfd&%ul?@ﬁfthq(senes of addgreé‘ﬁqnp-sl-ﬁprOV| ded to the

i nterlace cormess rindieate it the memsorbAeyise|that the address
corresponding to the input clock pulse is being provided.

129. The method as set forth in claim 124, wherein the step of ‘
providing the first address to the memory device further comprises
the steps of:

providing a row address to the memory device;

providing a column address to the memory device, the row and
column address together indicating the first address to the memory
device. :
130. The method as set forth in claim 129, further comprising
the step of: :

providing a row address strobe to the memory device when
providing the row address to the mémory device, to indicate to the
memory device that the row address is being provided.

_ 131. The method as set forth in claim 130, further comprising

the step of:

providing a column address strobe to the memory device when
providing the column address to the memory device, to indicate to
the memory device that the column address is being provided.
132. The method as set forth in claim 129, further comprising
the step of: '

prior to providing the row address strobe to the memory
device, indicating to the memory device that the memory device is to
enter a multiplexed address mode.
133. The method as set forth in claim 124, further comprising
the step of: ' -



causing the first bank to provide the first data on a first pulse of the
clock and the interlace controller causing the secend bank tOT% ovi de

t he second AP a second pul.sellm o PETUSIHNE %% or y
device as set forth in claim46, E m ’“m first data has an
mnter

associ ated first address specified"to the e controller on a
third pulse of the clock, the third pul se occurring before the first
and second pul ses of the clock. 48. The nenory device as set
forth in claim47, wherein an addresgil atch enabl e signal is provided
to the interlace controller on the third pulse to indicate that the

40 Tha momery dev cBHGRREPrOFRaibg the first Adree B S hE LBy UOVICET .
data has an assidlieating et mememnedevign dhahthe mesgrycgevice is tQ.gREr & | or

cal.cul ates the W@gn@@gaggkggqggaeypon the first address. 50.
The nenory devi Ce as '

t f h | ai m 49, wh i th i K I
controller calculate ehé &é’%%‘?é%%&?%%?&ﬁ Wﬁ’@i@ﬁt”f‘ﬁ%“’ﬂ%e“é&frf?fgt
address by a prednpeisingntie stapsiof:. - 51. The menory device as set
oren in claims0, WaehRathd DFow addRisE 5 LRE MAREREBYIR; | S one.

orthin m 49,

52. The nenory device as s clai erein the interlace
control |l er cal cul at epraviding:a selimagqddresh o dhe memary Hﬁ"’ccﬁe first

address by a predet efd¥eRfflg ¥MPHtE data from Y2 HdmdBBdevice, the output data
PCT/ US95/ 07062

53. The menory DEpBCEONiEnts stored by, the,memony %%Yi%EPé?ﬁat%%ne- o0

predet er ni ned acorwedpdralingeo the row and column address provided to the
memory device.

135. The method as set forth in claim 134, further comprising
the step of providing a row address strobe to the memory device when
the row address is provided to the memory device to indicate that the
row address is being provided.

136. The method as set forth in claim 134, further comprising
the step of providing a column address strobe to the memory device
when the column address is provided to the memory device to
indicate that the column address is being provided.

137. The method as set forth in claim 134, further comprising
the step of:

receiving a series of additional output data from the memory
device, the additional output data from the series of output data being
received after the output data corresponding to the row and column
address provided to the device.

138. The method as set forth in claim 137, further comprising
the step of:

providing a clock signal comprising a series of output clock
pulses to the memory device, each output clock pulse signifying to the
memory device when a different one of the series of output data is to
be received from the memory device.

139. The method as set forth in claim 138, further comprising
the step of:



54. The nenory device as set forth in claim47, wherein the second

data has an associ at ed second—address—specified to the interl ace

control | WO95@34830f ourt h pul se i h I m@ﬂm ‘he fourth pul BET/USYSWIO62N]
after the third pul se of th i Ii ' 55. The nenory device as
set forth in claimb54, whe ||g dress | atch enabl e signal is

provided to the interl ace controller on the fourth pulse to indicate
that the second address is being provided to the interlace controller.
56. The nenory device as set forth in Ch§?n145’ wherein the first and
second data belong to a single cache IirT 57. The nenory

device as set forth in claim45, wherein the interlace controller can
enter a noninterl zi?t!'@rn*@(ﬁm%’é‘rg the W\éaddresserrﬁ‘ﬁt@Fm@Eé deyire, the

interlace coghdivhtifig tvithe Iﬂ@zh [d8viceatha€ ¢Ré themory deoReSs 1t enlter »| ur al | ty

of nonvol atil e bapks inuntil a first access to the
plurality of XBﬁ&aﬂﬁﬁ 4%5 nks has conpl et ed. 58.

The nenory device as set forth in claim57, wherein the interl ace
controller can enter an address nultrplexrng node, when in t he address
mul ti pl exi ng node, a particular portion of one of the plurality of
nonvol atil e nenory banks is specified to the interl ace controller by a
row and col um address pair. 59. The nenory device as set forth
in claimb58, wherein the row address is provided during a row address
strobe pul se and the colum address is provided during a colum
address strobe pul se. 60. The nenory device as set forth in
claim 58, wherein the interlace controller conbines the row and col umm
address pair to forma bank address, the interlace controller then ‘
uses the bank address to specify the particular portion of one of the
plurality of nonvol atil e nmenory banks to access. 61. The
menory device as set forth in claimb58, wherein the first data has an
associated first row address and first col umm address
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and wherein the interl ace controHeﬂlj/nf ates access to the first

data upon receiving the first row an addr esses. 62. The
menory device as set forth in claim®6l, wherein the first row address
is received during a row address strobe pul se and the first colum
address is received during a colum address strobe pul se. 63.
The menory device as set forth in claim6l, wherein the interl ace
controller conbines the first row and col utm address pair to forma

first bank address, the interlace controller then uses the bank

address to specify that the first data of the first bank is to be accessed.
64. The nmenory device as set forth in claim®61, wherein the second
dat.a has an associ ated second row address and second col umm addr ess
pair and wherein the interlace controller initiates access to the

second data by upon receiving the second row and col um addresses.

65. The nenory devige as set _forth jin claimB84 __wherein the second row
address is received| during a row address strobe pul se hnd t he second
colum address is rgceived during a colum address strpbe pul se.

66. The. nenory devife as set forth in claim®65, whereip the interl ace
controll er conbinesjthe second row and col unm address pair to forma
second bank address} the interdace controller then usep the second
bank address to spefify theIsekond,data of the second pank is to be
accessed 67. Th noky device as set forth in claim45,
wherein the ingerlace rolTer can enter an adg[ess mul ti pl exi ng
node, when in he address nultipl exi ng node, a payticular portion of
one of the plurality of nonvolatile nenory banks Js specified to the
interlace contyoller by a row and col um address pair. 68.

e row address is
colum address is

The nenory device as se or
provi ded during a row address s

provi ded %aring a colum addr pul se.
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69. The nenory device as set forth in claim®68, wherein the interl ace
control | erw@asdodes t he row and col m alg ress pair to POTNSPSA7TA62 N K

address, the interlace controller tIf t he bank WD 95/ 34030

PCT/ US95/ 07062 - 62-

address to specify the particular portion of one of the plurality of

nonvol atil e nenory banks to access. 70. The nmenory device as
set forth in claima45, wherein the first] data is identified by a
first address and wherein the nenorly w dedice further conprises a first

| atch and causing the first address | atch the first address

address latch, the interlace contrcl er r—% controlling the first address
prior to the interlace controller ga ﬁ% first bank to provide

the first data. 71. The—rmenyg tdevice as. set forth in claim70,
wherein the second data is identjfi by a second address and wherein
the nmenory devi ce further conprédsesi g3—second address | atch, the
interl ace control ler controlling]{t&e|second address |atch and causi ng
t he second address latch to |atclf Bhd second address prior to the
interl ace controller causing the sékcnd bank to provide the second
dat a. 72. The nenory devi cH gs set forth in claim45, wherein

t he first data is identified byNa Bir address and wherein the

interl ace controller further co s an address transition
det ector, when the address t i pct or detects an address
transition to an address of the flrst bank, the interlace controller

causes the first bank to prgpare to provi fle data. 73. The

menory device as set forth in claifm 72, wherein]the
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second data is identified by a second address and wherei n when the
addr ess t rwOIsB4030 det ect or detects an dress transition tBCHHESHNIPESS
of the second bank, the interlace 6oﬁtﬂ | er causes the second bank to

prepare to provi de data. 74. The nmenory device as set forth in
claim45, further conpri si ng: an out put buffer, the

out put buffer storing output data; and a bank sel ector, the
bank sel ector selecting the first bank to provi de to the output

buffer the first data as the output data whefsthe first bank is
providing the first data and the bank select-roselectlng t he second
bank to provide to the output buffer the segp @ data as the out put
data when the second bank p ' cy dat a. WD 95/ 34030
PCT/ US95/ 07062 : - 63-

75.. The nenory device as -et forthzin tla|n1§5 * conpri sing bus
specific logic, the bus g Eflc Igg chece|V|an speci fic input
signal s and provi di ng bysAsp cific output S|gnal [ |r esponse.
76. The nenory device ag ¢ rther conprising a
parity generator, the parity|generator gene |ng,a pari ti\ si gha
based upon the first dafafwhen the first dalg.lgtprOV|dec. 77.
The nenory device as sef parity
generator generates a purlty si gna® baged upon t dat a when
the second data is provi g 8 2359 vice as set forth
in claim45, wherein at one of the pl i nonvol atil e
menory banks is conprisg
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flash nenory. 79. A nenory device, conprising: a
nonvol at i | svoesmsae3zp bank; an address denultipl exm/uslmo-mdﬁress
derul ti pl exer receiving a nultLp/ekéh row and col um address pair and
conbi ning the row and colum address to form a bank address, the bank
address being used to access the nmenory bank. 80. The
menory device as set forth in claim79, wherein the nonvol ati |l e nenory
bank is a flash nenory bank. 81. The .nenory device as set forth
in claim79, wherein the nonvol atil e nmenory bank is a flash nenory and
t he menory device enmul at es dynam ¢ rjlandom accdgss nenofy (DRAM

devi ce.- 82.] The nmenorly device gs set fortlh in clpim79, wherein
t he addr ess jdenulfti pl exer an adfiress | atch,

t he address latchjlhavirjg a row adqdress | atdh arfd a col brm addr ess

| at.ch; an gddress mulfti pl exer, jwhen the gddress | tiplexer
recei ves t hg rowjaddress, mul tipl eder provfdes the row
address to tfhe rqw addr e latc t herei ¥ when the

addr ess mul gi pl eter rdcei ves dddress, the pddress
mul ti pl exer provi{des address tq the colum pddress | atch
to be | atched t hg¢rei n; WO}95/ 34030
PCT/ US95/ 07062 - 6p4-
once the row and ¢ol u addfesses havg been | atdhed in the addr ess
| atch, the addresg | atg¢h prqvi des the]lrow and cql um
?
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addresses to the nenory bank as the bank address used to access the

menory banWO 9534030 83. The nenory device as set forth PCI/E$SI0NG629,
wherein the row address is provggjd d$ring a row address strobe pul se
and the colum address is provi Ju ing a colum address strobe

pul se. 84. The nenory device as set forth in claim83, wherein
t he address denul ti pl exer conpri ses: an address |atch, the
address |l atch having a row address | atch and a col um address | atch;

an address mnul tipl exer
address nul tiplexer re
address to the row add
col'um address strobe

y address strobe pul se, the
eié%%%the row gddress and provides the row

ess’ | £ttt o bd I atched thejggi N, and during the
ul seyTiNderaddr gss nul ti pl exer receives the

col um address and[p i déerrAY Meesspl um] address to the col um addr ess

| at.ch to be | atche rein; once the row and col um addresses
have been | at ched e address {l atch, the address | atch provides the
row and col um resses to the fenory bank as the bank address used
to access the ry bank. 510 85. The nenory devi ce as set

addr ess denul ti pl exer can enter a

when in the_nonnul tipl exed addressing
node, the address demul tN\lpl exer receives albank address anfd uses the
bank address to 86. The] nenory
device as set forth in cl ’ MWL i | e nerory bank
does not require rjefresp . adBRFESO8enul t) pl exer
further conprises ja re PaREICOARE reffesh cycl e.
87. The nenory deVi ce asN\g wherein the menory
device further conprises a i atable latch cpupled to the menory
bank and to the rgfresh cycl eyletector, the latgh adapted to hol d dat a

nonmul ti pl exed addyessing nod

forth in cIain179,¥mhere|n T3

for an access to tlhe nenory bgn€S-53hd further wherein if 540
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560
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WD 95/ 34030 _

PCT/ US95/ 0 W$6%5/34030 PEL/ISIS/07062 t he
refresh cycle detector detects a refgesh &cle, the refresh cycle
detector causes the latch to tri-state during the refresh cycle.

88. A nenory sub-system conpri sing: at |l east two nonvol atile
menory devi ces, each nenory device for storing a correspondi ng portion
of a page of data; an interlace controller coupled to the
nonvol ati |l e nmenory devices and controlling an interlaced read of the
page of data, if the interl ace controller detects a read operation to
the page, the interl ace conttotter—enabl es the nenory devices and
causes each nenory devi ¢e §adwt1e orrespondi ng portion of the
page, the interlace confro IEr&then seguentially en i ng each nmenory
device to output t he coFFE;?GS?Tﬁ@'bo ion of the page.

89. The mermry&ubj— system as sefjfprth in (%al m 88 wher ei each nenory
device is a fl &h“neffory devi LU P The nenorjy sub-system as
set forth in cljai 3, where g therp éih%g plurality ‘of pages of data
including a firfst jand pa@e 2 and erein the ingerlace controller
further conpriXNé - trapsition ector to deteqi a transition
froma read ogeration{for the i rst p e to a read opgeration for the
second page and if fh¢ iti IS qgtqgted, the page transition
detector caus I %0 control tlhe reading of the

YNCH

Y 91. The renory sub-system
he Ypage transitiqj,detector detects
of the pluralit f pages to

every page trdgn
and if the trdnsition is

anot her page d@

detected, the page transiEye =) i ntjer| ace controller
to control the|{reading frg < of| 5 t hg page to which
the transition|was nade. < 92 The nenrﬁy sub-system as set forth
in claim88, wjerein ayhk interlace controlfl & recei vgs %)clock si gnal
conprising a sgries of w
o
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cl ock pul ses and wherein the interlace controller sequentially enables
each menorWods3#ee to out put the corresponding portion of tREI/HaYH7062

during a different one of the pul se
The nenory sub-system as set forth
portions of the page has a correspondi ng address,

PCT/ US95/ 07062

interlace controller
addresses during a corresponding different one of the
wherein the interlace controller then causes the each
of the page to be output in the order. in which the

Teceives a different address of the

_9%0; 1®e clock signal.
i

claim 92, wherein
wher ei n

93.
each of the
WO 95/ 34030
- 66- t he

correspondi ng
cl ock cycles and
of the portions
addresses were

recei ved. 94. The menory sub-systemas set forth in claim 93,
wher ei n thqginterlace controller receiyves an address | atch enabl e
pul se when he {di f f erept addr t e coyrespondi i jaddresses is to
be received. ' 95] Th as g§><£orth in claim
93, wherein if*l the interlage contrplle ot rlecellve addresses for
every portion of t he page, erg ace contrjol | gr =swfl 1 only cause

t he portions of ' page t t corr spondé?t t he addresses
recei ved. 96. A]syst S _Ja high speed

A

synchronous bus: #ng a data burstj}acc pr g | ; a
nonvol atil e nmengry devi ce hfavi ng at anks of | . | nonvolatile
menory and a ge ic interlfce contfollpratjo cantrol Z ilnterl aced
accesses to the banks accorfling t gengLc ddta bur st menory

ess

prot ocol ;

DATA O x DATA 1 XDATA 2 Kg\
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a glue |l ogic device coupled between the high speed synchr onous bus and

t he nonveig@bisg@ssenory device, the gl :ie5| ogi c recei viBCIYIEOMEE st
access bus protocol fromthe highﬂsge dvbus of a burst access to the
nonvol atil e nmenory, converting the burst access bus protocol fromthe
hi gh speed bus to the generic data burst access menory protocol, and
then providing the converted generic data burst access nenory protocol
to the nmenory devi ce. 97. The systemas set forth in claim96,
wherein at |east one of t he banks of nonvolatile menory is flash
menory. o The systalmas—sSe] | Cl ai m 96, wherein the
dat a bur st accesy Bus proto¢ok uses|allznear dr essi ng sequence.

99. The systemas set |(farth in cfagm 9§, | whetei n, tjheg data burst access
bus protocol uses a ngnulinear addgessgnp sefluergel . 100. The
systemas set forth in &l aim96, Lwhereinlt | dgi ¢ devi ce further
conprising bus specifijc? &gic, the bus specific |ogifc WO 95/ 34030

PCT/ US95/ 07062
recei ving bus specifid
speci fic output signalls
as set forth in claim|9

a

-67-

us arld providing bus

101. The system
parity generator, the

w

o

ngut signal §
t 8 the bus
further c

STYNCRRONCUS FLASHINTERENGE

parity generator generjaking a parit} ed upon the data burst
bei ng accessed. 102. A nenory nodul e congri si ng: a
nonvol atil e nenory; . ' upon which the
nonvol ati |l e nenory fs orfyaedul e board, if the nenory

nodul e board
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provi des the nonvolatile nenory with a nultiplexed row and col um

address pawbdspggsgati ng a nenory | ocation vm'thi n the NPEYRERAITTHE
menory to be accessed, the nonvol at |dr2 accessing the nenory

| ocation indicated. 103. e rrermry nodul e set forth in claim
102, wherein the nonvol atile nmenory is conprised of at |east one flash
menory devi ce. 104. The nenory nodule as set forth in claim
102, wherein the nonvol atil e nmenory enul at es dynam ¢ random access
menory. 105. The nenory nodul e as set forth in claim102,
wherein the nonvol atil e nmenory enul at es asynchronous dynam ¢ random
access menory. 106. The nenory nodule as set forth in claim
102, wherein the nonvol giN| e nmenory enul at es synchronous dynani c

random access menory. 107. The nmenory nodul e as set forth
in claim102, further Scegpri sing a voltage converter coupled to the
nonvol ati |l e nenory ané % he nenory nodul e board, the voltage
converter converting ing voltage fromthe nmenory nodul e board

into a pr ogr &mi ng voltageand DI OVi d| ng the programﬂ ng voltage to
t he nonvol atglg Megory. s o K108 Fherrent gdul e as set forth
in claim2107, V\heme{En bl atile rrem)ry can be di sabl ed and
wherein the nenorg § g er conprises a progranm ng vol tage
nmonitor coupled &% to the s oI atile menory and to the [voltage
converter, the voEt@gg
PCT/ US95/ 07062 8¢ 3 -168-
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nmoni tor nonitoring the programm ng voltage fromthe voltage converter

programm nYo¥3ed9e and if the programm ng voltage pr oPCHAS9IYaY06he
nonvol atile nmenmory is not within a predeterm ned vol t age range, the
vol tage nonitor disabling the nonvonagiye1dbnnry. 109. The
menory nodul e as set forth in claim108, wherein the nonvol atil e
menory i s disabled by entering a deep powerdown node. 110. The
menory nodul e as set forth in claim102, wherein the menory nodule is
a single in-line nmenory nodul e. 111. A system conpri sing:

a nonvol atile nenory nodul e having a nonvol atile nmenory devi ce t hat
enul ates a dynam ¢ random access nenory ( DRAM devi ce; and

a DRAM controller, coupled to the nonvol atile nmenory nodul e and
controlling access to the nonvolatile nmenory nodul e. . 112. The
systemas set forth in claim 111, wherein the nonvol atil e nmenory
device is a flash nmenory eviie. L 143. jThe syjstem as set forth in
claim 111, wherein the ngnvol ati e ngnory nodul e conprises a plurality
of nonvol atile menory deyi ces. 114. Thdg system as set forth
in claim111l, wherein the nonvol ati |l g nmeporyf devi ce emul ates an
asynchr onous DRAM devi ce 115 THhe sysffem as set forth in
claim 111, wherein th npnvol ati] e nenor evice emul ates a

synchr onous DRAM devi ¢e. . The |system of {claim 111, further
conprising a volatile mepory nod havijng a vol aiij | e nenory devi ce,
the volatile menpry nodu] e coupl o, gnd contrfol | #d by, the DRAM
controller. 117. The system ag set] forth ifn cljaim 111, further
conprising a hi gh speed pus, coupled to{the DRAM coptrol |l er and
indicating to the M clontr ol | e adqcesses to the nonvolatile
menory to be controlY ed |by the contjrol l er. 118. The

systemas set forth in clain11éz; whdreir] thg high Epeed bus is an

asynchronous bus.

FIGURE 10




WO 95/ 3403

POT/ USon/ 0 Ho 34030 PEEUS95/07062

119. The systemas set forth in c“ a1 rf( 1115 wherein the high speed
bus is a synchronous bus. 120. The systemas set forth in claim
117, wherein the high speed bus is a main nmenory bus. 121
The systemas set forth in claim 117, wherein the high speed bus is a
| ocal bus. _ 122. The systemas set forth in claim117, further
conprising a menory cache coupled to the high speed | ocal bus.

123. The systemas set forth in claim117, further conprising a

m cr opr ocessor coupled to the high speed | ocal bus. 124. A

met hod of accessing a nonvolatile nenory device, the met hod conpri si ng
the steps of: providing a first address to the nenory device,
the. first address specifying a first location within the nonvol atile
menory device to be read receiving a series of output
data fromthe nenory device, the out put |data ffromthe series of

out put data including first daja sfored at thg first address.
125. The nethod as set forth ip clpim124,} furfther dqonprising the step

of : provi ding a clbck gignal cpnprfisingla series of output

cl ock pul ses to the ry deli ce, egch dqutput {cl ock pul se signifying
to the menory devi ce en a d rentf onq of the series of output data
isto be received fromthe ngnory deyi ce. 126. The net hod
as set forth in claim 125,; further} conpri gi ng the step of: '

provi di ng an address |atch signal |t he renony devifce

oPEN
FIGURE 11
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when the first address is provided to the nenory device to indicate to
t he menor yW@SH34@30t hat the first add:isg ‘{%f bei ng provi ded. PCT/US95/07062
1243

127. The nethod as set forth in clat urther conprising t he
steps of: providing a clock signal to the nenory devi ce, the
cl ock signal conprising a series of address input clock pul ses

foll owed by a series of output clock pulses, each input clock pul se
of the series of input clock pul ses being provided with a WO 95/ 34030
PCT/ US95/ 07062 - 70-
correspondi ng address specifying a location in the nmenory device to be
read, each output clock pulse signifying to the nenory device when a
different one of the series of output data is to be received from t he
menory devi ce. wriTed28. The Jfethod as sef forth in claim 127,
further conprising t he~sTeps oi7 Ziﬁ?”mTE provi di ng an address
latch signal to the mengKe, devi A PP each{address input clock pul se

of the series of address I npy
device that the addresscass —
bei ng provided. 1

to indicate to the nenory
b i nput clock pulse is
bt forth in claim 124,

wherein the step of pr oyi ress to the nenory device
further- conpri ses t he st : providing a row address to
t he menory devi ce; i di R ¢¥EAM address to the nenory
device, the row and c g r—¥ccr-ess—tot i ndi cating the first
address to the nenory devi ce.
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130. The nethod as set forth in claim129, further conprisi ng ‘t)he step

of : W0 95/34¢3povi di ng a row address strobe to the nenor en
provi ding the row address to the neﬂDBy/dév5ce, to indicate to the

menory device that the row address is being provided. 131. The
met hod as set forth in claim 130, further conprising t he step of:
provi ding a columm address strobe to the nenory devi ce when provi di ng
the col unm address to the nenory device, to indicate to t he nenory
device that the ¢olumm add}ess is being provided. 132. The

met hod as set fofth £n clal m 129, further conprising t he step of:
prior to providihg tiae romgeddress strobe to the nenory devi ce,
indicating to the gesopy dpvice that the nenory device is to enter a
mul tipl exed addr ¢s3 én@e ~133. The nethod as set forth in claim
124, further conpeising the ' '

PCT/ US9/ 07062
prior to providing the first %d.diress to
to the nenory device that thel m

i ndi cating
synchr onous

address node. 3E aiti | e menory
devi ce, conpri s§ng th ﬁe‘p ow address to
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recei ving output data fromthe nenory devi ce,

t he out put data bei ng

contents stVWP8%34030 t he nenory device at a |l ocation cor rReiResTg2 t O

the row and col um address provi dqdl;tq ®hy menory devi ce.

135. The nethod as set forth in claim 134, further conprising the step

of providing a row address strobe to the menory device when the row
ndi cate that the r ow

address is provided to the nenory de
address is being provided.
claim 134, further conprising
strobe to the nennrx devi ce
menory device to g & gdwcgte that

< 1@6.3T
tEe\sEep 0

he net hod as set forth in
provi ding a col um addr ess
U address is provided to the
olunn add;gﬁs i s being provided.

137- The net hod as §é9 Port® in cla 3 i rthengéb risin t he step
of : recgi\i Bi gs aidi t¥opal &gepd data firomthe
menory devi ce, [ti y o%tgyt dath fr seri ¢g of output
dat a bei ng r eQgd r tp‘ﬁt datph comgspondi ngdo the row and
col um addresg provi ded z 5 % 138. Jhe nethod as
set forth in cIa|n1137 Eurth t&%ﬁsﬁé of : I
provi ding a cl ock naI conpfi of outgut clock pul ses to
the nmenory devi ce, e ch out pu LES% ignifying to the menory
- device when a diff¢reng one of th |%5 of \out put data is to be

received fromthe y deV| 139. The nethod as set forth
in claim138, furt ' ng t he4stsp of: WO 95/ 34030
PCT/ US95/ 07062 < =
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15715

prior to providing the row address to the nenory devi ce,
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synchronous address node.
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