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A sequential access memory that can be advantageously utilized to practice the present
invention is the Am30LV0064D UltraNAND™, which is commercially available from Advanced Micro
Devices, 'Inc. (AMD) of Sunnyvale, CA. This memory is a Flash ROM device based on NAND
architecture.

30 Compared to sequential access non-volatile memories, random access ROMs require more
physical pins and connections, mainly for address lines, cost significantly more for the same bit density,
and are not available in as high a density as sequential access memories.

Sequential access memories, on the other hand, generally require a command sequence to be
written to the device in order to select and make a set of information readable, and thus are not ready to

35  read immediately following power being supplied. They can only read information from sequential
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Wi th t haesesosp anly ideléyetiseaygnfig) gvords of memory to the processor. The first portion of the boot Code
instructs the processor to copy a second portion of the boot code into volatile RAM. Once the second

portion of the boot code is copied into RAM, the first portion of the boot code executes a branch (jump)

30  instruction that transfers control to the second portion of the boot code that is in RAM. The second
portion of the boot code is then able to take advantage of the random access nature of the RAM memory
that allows for normal code execution, including jumps within the boot code in RAM. The second portion
of the boot code is able to cause the appropriate commands to be sent to the sequential memory in order to
transfer into RAM any other code that is needed.

35 These and other features and advantages of the present invention will be apparent to those
skilled in the art from the following detailed description, taken together with the accompanying drawings,

in which like reference numerals refer to like parts.
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25  collectively indicated at 28.

In accordance with the present invention, the system 10 further includes a power-good or reset
Sigﬁal generator 30, which produces a PWRGOOD (or RESET) signal after the power supply 18 has been
turned on and the operating voltages have reached their proper levels. The system 10 further includes a
sequential access memory 32 and a boot loader 34.

30 The memory 32 is preferably an UltraNAND™ memory, which is commercially available
from Advanced Micro Devices (AMD) of Sunnyvale, CA. The memory 32 shown in this example is a
Am30LV0064D UltralN ™ Flash Electrically Erasable Programmable Read Only Memory
(EEPROM) device based on NAND architecture, and is capable of storing 64 megabits of data. The data
is stored in 16,384 memory pages, with each page containing 512 bytes of regular data and 16 bytes of

35  spare data. In accordance with the invention, the memory 32 stores boot code instructions beginning in its
lowest memory page which are initially executed upon initialization (power up or reset) of the computer

system 10. No non-volatile RAM is provided for this purpose.
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alternatively be used within the scope of the invention.

In the next step, the UltraNAND memory 32 reads the first page of boot code from its internal

30  structure into its output data register and indicates the completion of the page read operation by setting its
Ready/Busy (RY/BY#) signal to the Ready state. The boot loader 34 state machine then enables the
processor 14 to proceed with instruction execution by making the INIT# inactive. A conventional state
machine or hard microcode is provided in the processor 14 which causes it to jump to a predetermined
address where the processor expects to find boot code in the system. The system will decode this address

35  so as to select the memory 32. The processor will begin reading and executing boot code instructions
from the memory page in the output data register of the memory 32. Note that the processor will accept

whatever data is provided by the memory as boot code instructions. The boot code address presented by
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the jump can not be discarded. Any portion of NOP instructions following the jump can be safely

executed until the next valid instruction is reached in the code. The exact number of NOP instructions
fetched and later cleared from the prefetch buffer will not matter or interfere with the remaining code
execution. _
35 After dealing with any adjustments to the instruction fetch address as just described, the next
task is to copy the second portion of the boot code to RAM. The next instructions of boot code preferably

cause a "string copy" operation which results in a sequential group of the immediately following words in
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stages. The first stage is the boot code that is executed from the sequential access memory 32 The next

30 and any subsequent stages involve additional blocks of initialization code that are copied from the
memory 32 into the XIP memory and then jumped into for execution. Although not explicitly illustrated,
the bootstrap process will typically also proceed to load and launch an operating system from a hard
drive, and possibly one or more application programs.

Preferably, the state machine and associated functionality of the boot loader 34 can be

35  implemented together with the sequential access memory within a single integrated circuit 40 as indicated
at 32’and 34’ in FIG. 8. This can be accomplished, for example, by adding sufficient logic circuitry to the

sequential access memory to perform the required boot loader function. This embodiment is simpler and
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2 Correction Circuits (ECC). UltraNAND is also available with 100% good blocks, which eliminates the

need for bad block mapping.
The lower cost per bit (than NOR Flash), increased program/erase cycle endurance without
ECC, and availability of 100% good devices, makes UltraNAND ideally suited for code storage
applications. Especially, where system code is stored in UltraNAND flash memory and is transferred, or
30 shadowed, to a high-speed memory resource, like synchronous DRAM, for fast random access or
execution.
THE BOOT LOADER PLD
For code storage applications that need to boot directly from UltraNAND, a boot loader of

some type is required for UltraNAND initialization. This is because, following power-up, the
35  UliraNAND data registers do not contain valid information. The present boot loader PLD 34 holds the
processor off the bus and provides the control signal sequences needed to initialize up to two UltraNAND

flash devices.
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the non-volatile page of information has been successfully transferred to the data registers, the

UltraNAND device will go ready and the system can read valid information, sequentially, from the flash

device 32 at a maximum rate of 50nS per byte.
SYSTEM INTERFACE DESCRIPTION
30 The boot loader PLD unit 34 supports a single UltraNAND device 32 in this example. The

boot loader PLD temporarily becomes the source of the usual system control signals required by the
UltraNAND flash during the boot loading process. The boot loader PLD is then able to generate the
signal sequence required for UltraNAND initialization.
The power-good signal generator 30 provides a PWRGOOD input signal to the boot loader
35 PLD 34, which remains low until Vec is valid. When PWRGOOD transitions from an invalid (low) state
to a valid (high) state, the boot loader PLD 34 detects that transition and initializes the UltraNAND device
32.
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in the table below. A timing diagram of the boot loader initialization sequence is shown in FIG. 6.

SIGNAL SOURCE DEFINITION

ALE Boot Loader/System Tri-state Address Latch Enable for
UliraNAND address cycles

CLE Boot Loader/System Tri-state Command Latch Enable for
UltraNAND command cycles

WE# - | Boot Loader/System Tri-state write signal used to initialize
UltraNAND during boot

INIT# Boot Loader Indicates that the boot loader PLD is
initializing UltraNAND
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System

SYSCLK System clock required by the boot loader

state machine

System

READY UltraNAND Connects to the RY/BY# signal to indicate

the UltraNAND’s state

BOOT LOADER PLD THEORY OF OPERATION
In this section, the boot loader PLD 34 design and operation will be described. The boot

loader PLD 34 uses flip-flops for the state machine and I_O1. Combinatorial logic is used to generate all
other signals required to control up to two UltraNAND 32 devices. The device reference designators used
in this section can be found in FIG. 7, an example schematic of a "Typical Boot Loader Application
Supporting Two UltraNAND Devices".
Output Signal Generation

INIT# is a combinatorial output that is used to inform the system that the boot loader PLD 34
is in the process of initializing the UltraNAND 32 array. While INIT# is active, the system 10 must hold
tri-stated the system signals (such as address lines or PIO pins) which are used during normal system
operation to drive the UltraNAND CLE, ALE, WE#, and I/O[0..7] signals. In many cases the INIT#
signal can be used as the reset signal to the other system components since the reset state will often hold
processor outputs in a tri-state condition.

During the INIT# period the PLD 34 drives the command and address information onto the
UliraNAND 32 data bus, and controls CLE, ALE, and WE# as needed for UltraNAND initialization.
During the command phase, with CLE active, I_O1 is used to drive a 02h value onto the UltraNAND 32

10

32
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chi p enabl e out ts required to enable the UltraNAND 32 deV| ces.. The chip

enabl es are f orHecehipeqnakies afiforerg actie quriperthe NI period foroat lopdss aivity c OPSA ¢ y .
Onceo 2GNITY ghts iHRESe (hpAS Eﬂe\éﬁg?@ﬂdb%l’t)utpuﬁs% deftrRin@Rth@cipdnablt fpak e det er m ned

by the chl[é)éenable i nput's are four tri-state re |stered state

bits usedly-8] arefousdi- Efeteml%qr@@t%aémbl tugedets dgfine pelo sixipei st pli threstatg oachils; e o
states %ﬁchagiétmlawacamdusei hese hkhe a@ﬁemgynﬁll% dleipuedy (MmN e if Revedsid od

that INIT# is active, are tri-state T# goes i nactive. Three
of the satfemetakﬁdt@eeH\HTﬁg@antaetwaen ne WE# (STO), CLE (ST1), and ALE (ST2).

The state 25 mpghi A?%OT othtd 151@ aRARLd &Qéﬂ%fwﬁ# R4 die @Tﬁ)vmdcma {mi.yrmetg ne

wi th the PLD out puts dependent on th current “state and inpu ondi tions.
The2 AnPAndcking \rgthd DRClagderiFE ® BYis pdmaé Mgply whaching with theildt et dependpnitog then

the hi 9%&&@%& B8 B8 Ao 418 WHPALTRG BV ES0HELLAR 34 pBRerd B Fith o hidhfe”

all ones ou
outputs in the h1gh state, Therefore the state machine defines the IDLE state as an all ones output

condition.
State01 through StateQ9 are gray coded variations to eliminate noise pulses in combinatorial
30  outputs, and avoid race conditions due to asynchronous inputs. The state machine flow chart is shown in
FIG. 5.
STO, as WE#, is used to write information to the UliraNAND 32 Flash during initialization.
The system is required to hold the system WE# input to UltraNAND 32 tri-stated during the initialization
period. Once initialization is complete, the boot loader PLD 34 will tri-state its WE# output and the
35  system 10 can then drive WE# as required.
ST1, as CLE, is used to enable command writes to the UltraNAND Flash 32 during
initialization. The system is required to hold the system CLE input to UltraNAND 32 tri-stated during the
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StateOl through State09 are gray coded variations to elimnate noise pul ses
in conbinatorial 30 outputs, and avoid race conditions due to asynchronous
i nputs. Weossase nachine flow chart is shown in FIG 5. PSTOS0e®3MEH, iS
used to wite information to the UtraNAND 32 Flash during initialization
The systemis required to hold the system WE# input to U traNAND 32
tri-stated during the initialization period. Once initialization is

conps et @nﬁmthaﬁlogg%odl Qe mitilifatiSttis Wopletk [ the SdoRlo8der PED WEAiID HL At itaODE blagut 35
system 10 can t drive WE# as required. ST1l, as CLE, is used to enable

conmand 2 the estemd Orcpthen ¢riva (GARPS mavissd- 32 during initialization. The system

is required to gtol dstA1es sy SkanClefanid Ritresh Owrlitdd E@%N@u;’a&m iRt 2daghitei ng
the 11 WO 01/52062 PCI/US00/ 34374 5 initializati OnWFe“ od. Once
t

i nitial imdtalizgieni The eysiginei eequirdsieto holdtthq ystgmrAlR] mpw A0 1aNANT trisytatededuripg the £
t put . { ; : - 1 0
out pu a%%tn)ﬁ g%’)’d&le %Jﬂnﬁﬁ‘i&u&hﬁ Q%rgﬁlﬁy Qhe%@%ﬁilz gﬁsztﬁgi @'ﬁl tn%t-gge t’ ?ﬁLﬁ"oﬁp tI S

used to en SsS wites tot tra 32 during

i ni 10 al iazdithe eystenTifeasthet dmeird Fraeqgirad t o hol d t he system ALE input to

Ult raNAND L&l -Stated during the initialization period. Once initialization
is conpl boot | oader PLD 34 will tri-state it's ALE output 10 and
the system 10 a0t aredhd we Ainemlermmms'r@ais g&iehatad 1S o aysenCH) Qo seldct ther e

the two chi le.input .signal.s nerat e m1l10 to e t the
Ut r a3 cButeR Db O Rt EBR o5, P G RE pRRR T oty BP0 ot

i nput s aéader RO B4 ind PUTICE[DOP are tiowd @ttivelid) s@det tl&rmitrmm@E[ﬂ dedikds wed dnaeven
act etQ elect the Utra D.32 devi Once, 15 jni i.on. has
bee corﬁ} fideeien RGO Bh B o eI ﬁ%flvplaa’é%sassth? Rt o 737 S
CE[ 0. . 1]o# tSthg URINANDBE Rvickhsidihé OBNAND.. B2 od@iis.ces Vi a the QUTCE[ 0. . 1] #
outputs. PWRGOOD is a _system generated s

the boot | oaderPPREPYR 1S 3 fysiamEenasted Wfﬁ?ﬁ%ﬁ%@?@m % #)?%‘ii%gﬁg’ 536 ahen

PWRGOOD ghsuldigltidliAeneAsIgBNARD 30 e deditdsl PO/RTIYEID istigld déAbskited\(oe) dsringdoivek: upV\he n
power is applied to the boot |oader PLD 34, the state machine cones up in

the 20 |qu1EV@t1%wa§d Tirher gower isgophiedrte theibaot jpader PlavRbE R Bachie P Res l(mfl&}?)

Oncgpa |I9EETsfateh{vﬁg}e Itrvﬁﬂ%tﬁa'lrpﬁhtﬂ PWRIRIEIS L6 a0tve RMBGOGBAce RYow RENiBPRInsisRer
PLD 34, the PLD 3 proceed to initialize the U traNAND flash rrermry

32. For deipeied9s HVHBGO@@ rbojtthmw@ lgadey\REBOB sthey PAID &4 arill atspesed th dnitiafizs dipy
RESET# shigiednivihdn m ially performthe same function. \Wen RESET# goes
active (low) to reset e system the boot 25 |oader state machine wl|l

enter the |DLE For aXS@mSWvéﬁo RESERA E)WB@@@@ signabavialjable; thie grsfem RESHGotgRbwder

A
loader state machine will enter the IDLE state. When RESET# becomes inactive (high) the boot loader
will then initialize the UltraNAND 32 devices.

RY/BY# is generated by the UltraNAND 32 device to indicate when the device is busy with
an internal operation. The system 10 may use the RY/BY# hardware signal, or poll the RY/BY# status bit
in the status register, to determine when an operation is in process, or has completed. The boot loader

30 PLD 34 monitors the RY/BY# signal, via the READY input, to determine when the UltraNAND flash 32
has completed the transfer of information from the internal flash array to the internal data registers. At
that time the memory 32 is initialized and control can be turned over to the system 10.
SYSCLK is required by the boot loader PLD 34 to drive the device state machine. Since the
UltraNAND 32 has a minimum write pulse width specification of 25nS, the maximum frequency for
35  SYSCLK is 40MHz.
Boot Loader State Machine
In the boot loader PLD 34, a simple state machine is used to perform the UltraNAND
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an internal operation. The system 10 may use the RY/ BY# hardware signal, or
poll the RYBY# status bit in the status register, to determ ne when an
oper ati ow® 81/526pr ocess, or has conpl eted. The boot | oadePCBOS®LIIZR4
nmonitors the RY/BY# signal, via the READY input, to determ ne when the
UltraNAND flash 32 has conpleted the transfer of information fromthe
internal flash array to the internal data registers. At that tine the
menoby 3Atidligation tThaltoaeadendtatanichink ddaes the boatrlorddr BMR 34t autputse tospretidentht0.

SYSCLK is required b boo Ioader dr.ive,the.devic a

machi ne TRPNRY AL R SRARBIELTRAL X0 MG e B B chipof 8 bt
speci f i ¢qiér®LDofat2mithine idBowRXIFIGIH. f requency for 35 SYSCLK is 40MHz. Boot
Loader State Machine In the bgg d L q, Sinple state machine is
used to performthe ULtraNAND==Z2Z PEF US00/ 34374 5

initiali zat i on.with e 6t 10ARAHED dégcﬁbsa H@wﬁhltﬁeepm hasethe bRy ho afitidigadeto RloD 34
out uts EFOVIde the appropriate S|gnals needed to initialize one or

V) trla Eovigee §paapowar-yn- o\ereHa 4 felyrbatin ysisapipterfpcs Ry depsfipnsdha st be
machl Ne thi8n SRR ntvwikeh Gsin [ﬁgthebgg?kgﬁ@ﬁ[ﬁﬂ ON DETAILS Wth the boot |oader PLD
descri bed hereln the PLD has the ability to initialize up to tw 10
ULt r aNANID-Het¢ Cowepl pifeliE. AdeWEAand VR4l are a few basi c systeminterface
consi derati ons n 9 qglﬁgu&gg lygg@no Hgg ﬁthllgle1 haRtind eader
PLD. Tri-State ]%:gn% W%?W&%E%Epéﬁ#p and i Dur i ng nh gleérl od
fol | owi ﬁgtr@mélﬁ Hlgsh.thé beot fidaderipestess| 10 ke Pmmroi gf QEOE YJaPLEi ABE.t and tthFYtS‘ieB}NAND
Fl agh, ' r :state’
and he sys?grgl ! ii%q&%? a%( %:e? W‘?‘%E}%{e%%etgglgfrd e %gnagg lgragn %oercot&\he syst em
t o hol d INF#seasirgddow).i (hnca INYE#—@@&%U@ mdwdmltglthm tthObteloadNI impalizatiersis epmgleke,

(1 ow NIT#..goes hj ating that the boot |oader initialization
i's corrp%;etsésmmf%%thg@s ‘éerrﬁle%%ﬁ}gl%a% I%?Fcl’p\l}lgtet hese Si gnal S as appropriate.
SEQUENTI AL BOOT CODE EXAMPISEQBIENTE 5 dYREEs bus does not directly
determ ne the .es r e

di fferent PLD sd?‘i?f]?eosﬁge?’&?dsr?s&éusb% ggﬁecg%g?temr:?g% ﬁ}ﬁa@é{gﬁcﬁc})ﬁ afila%(%rgss’ The
system il @ hediefondieereht@giDTsohitiofd fisr e ddst vb.bogora basttnsierotch@tollede ThﬂtysaNAND

i s enabl for mcro-controller code fal l.owi n r and fla
initial iagg“ﬁs&ﬁcog] et A HETdS i guaauie @%&&%c‘?’ga@?kﬁdwrghlg‘?ﬁ@é‘%‘%&“ﬁ‘%{l@f ¢ %’de
coul d beetsi pI6ding Powdiap Wid flahlidiizhash Iaatd bileaisfa I‘ex:ﬁﬁple(&ﬁloﬁﬂ thS §ystem boot
n‘icro-control{zr. Once. Ut raNAND i initi Ilzeg hes

T o C Rt BHIEE oA by PR AL PEO e A B a5 oo SERSTRTBIer he UL r aNAND

data regi sters,os8quedNANID isyinitihlizel, IR P56E @E&BortidllEdtan SyEi RBhiAS @Edeaditetly

menory address for the beginning of. boot code, the
257 out of the UltraNAND data registers, sequentially.

o

If the processor in the system uses a low memory address for the beginning of boot code, the
boot code stored in the flash device will not cause the micro-controller to attempt to branch, or jump,
either forward or backward. This ensures that there is no discontinuity between instructions read from the
UltraNAND by any processor instruction prefetching logic and the actual instruction execution sequence.

30 If the processor uses a high memory address for the first words of boot code, the code must
include a jump instruction that will change the processor address to a lower address that is still within the
address range decoded by the system to select the memory 32. Without the jump instruction such a
processor could increment its address to the point that it would wrap around to a low memory address that
would no longer select the boot memory 32.

35 A jump will cause some number of bytes, from an instruction stream that is prefetched, to be
discarded when the prefetch buffer is cleared by the jump. Since it may be difficult to know the exact
number of bytes in the prefetch buffer that will be discarded by the jump, there should be enough NOP
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boot code stored in the flash device will not cause the micro-controller to
attenpt to branch, or junp, either forward or backward. This ensures that
there i swoodf®ennti nuity between instructions read from PORUSMIMBEANAND by
any processor instruction prefetching |ogic and the actual instruction
execution sequence. 30 If the processor uses a high nenory address for the
first words of boot code, the code nust include a junp instruction that

wi | | 5 changectivhsefofiovaneths pumpad éifl deentie peefdiadnvieffeaddr ess that is still within

the address r decaoded by th stemto. sele menor 2. . Wthout
the junp instr 32]{9 iei’B?It %038 ﬁ“ﬁ g‘ﬁ‘i’%e@e@é@ﬁy EI]BIBI (12 ;aktﬁa?\f&@t%e\”?esmglélﬁﬁ@%dg 1 8°the
poi nt  t Radprelensrbodtsitigrogt@ ffdth the UraNAMDYesie Yo adRIPessmdri adsourvd) UkdSRAaM

| onger select the boot nory 32. 35 A junp wil| cause sone nunber. of

bytes, F B &h Thivdpading qtoROETILHs EA1HE doueip asEerER® oF Breh CHFECHITRE when
t he prefighedabedni®mad.s cl eared by the junp. Since it may be difficult to
know t he exact _ nunber of bytes in the prefetch buffer that will be .

di sé8rded by t HE? fiifggmoveritsed.dicdpityctng SE??&@Héwthe SIS igppEY begin and
PCT/ USOQ4 343K fnough NOPlfHGLHR0S 10hé PYrREord PrefelcH BRA:Qf tHeLpLocEJ@é‘r REL. | TiEs will
prefetch buffer. The boot code first executed directl romthe ULtraNAND
devi ce shuws the tadadiscam pigked up &b thersbine mve eead epsraiop siartpbeyendthe peiirat tich the

ULt r aNA| Vi 0, 18 : ; ] SRAM E0ESm th
oad: ng e By ey ARl AP ERLV oo APURER e plofer AR, it i bncirom he
consec utlilyaNAdgh).eand istrime dioat epecasioniipgiss. redding Hytes, ehmat e predigied,i the ensle doadediato

i nst pucty r i . i i i begin and end

¢ b5 oSG RS TeroBict it ki U, S et O B S, o bt rer of the
processor used.Sifchitle ematt| aligenest pbthe lvedecingiend the eamtroied i edingpprtiny t¢ hee shafiveng
nove read eration starts. b d the | nt_at i h r.ef fer
(11 P, RemfRELRPAR Bl B0 6T e SRy bigr R b Bl PR o B R BER R
byt es f rayuirt lght cbiitdor aldAND by@radigimbani ofcota) uatreqpesfahdve iminedjata mstnesidisngaylhetaes,

cannot bhe predicte t he code | oaded ipnto 15 the XIP nenory resource nmay
begi n V\n'q’?‘ﬁé%%chpq?%@glt%%oogg@rwﬂﬁm)ﬁ]%tn?eﬂ@fx'ons. Since the exact

al i gonent of t h@nce @EebobBybda i askedntleadrih ! X BOmdrtiory, 3hd R dnistraction caustisthe madrat | ve
branches within the. portion of the bootstrap progr that is |lo d.into

%1 B remd YRR i B8 b % Fode 0T eiiton: G SRR BT IS B ot coie

al i gnmentquefice CiAd@sserblp tdo@a Forafat WD woile ddxatde isfbitdlly | ADSE MBItaNAND, dfed t er
approach tao. |l pading the bootstrap code into XIP nenory. 20 Once the boot
code is HEdRMMPed in the XIP menory, the last instruction causes the m cro-
cont r ol I®inkignd UNP i Nto the boot code for execution. The exanpl e bel ow

i ncludes an x86 boot code sequence in assenbly code format which would

exeétt e sequentially out of UtraNAND, after initialization. Definitions:
25 '

SOURCE + Memory mapped base address for the UltraNAND
device. This address must cause the UltraNAND device
to be selected when read.

DESTINATION + The destination address for the XIP memory resource to
hold the system code that was stored in UltraNAND.
Once the UltraNAND memory contents are transferred
to shadow memory, the last line in the boot code
example jumps into the XIP area for system code

execution.
XIP + Segment address for the XIP memory.
ULTRA - Segment address for sequential memory.
COUNT + The number of bytes to transfer from the UltraNAND

device to the XIP memory. This count must include the
maximum number of bytes that can be prefetched. In this
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SOURCE + Menory mapped base address for the UltraNAND devi ce.
must cause the UltraNAND devi ce
The destiwavi/moeaddress for the XIP nenory resource to

code that was stored in U traNAND

transferred

junps into the XIP area for system code

to shadow nenory, the

Once the U traNAND nenory contents
|l ast line in the boot code exanple
execution.

for the XIP
The nunber

menory. ULTRA - Segner
f bytes to transfer frdg

prédagolJlt raNAND device to the X P

menory. Thi
pr ef et ched.
prefetch bu
begi nning o
within 16

to a | owner

Ult raNAND d
address spa
address is

deliver a s
bus. Howeve
top of neno
this initial

copied to XlP nenory. NOP -

addr ess

count—ost—T et ude the
SAARRI-s 14 WD 01/ 52062
fer size of a 486 prod
boot code. x86 proceqg
ytes of the top of neng
ode address within the

vice. This prevents tH
e that would no | onger
ot that inportant, sing
quential streamof ing

, the junp destination
y to keep the address

bootstrap code junps
Fill th

VY thédjuihp idbeinatldih ddadddbiinstaed dir esmigls pdoe |

meX T o umberof — bytes tihat can

Arcridesioy the bepinning 5 R0ogeodpRRs s tf
epseqsFsors ST RRecution it BEHF s se- fighint fle

riymp 8 loyver cpde addigssygthmyihe aldfesy space j |
abidrsgl seleppratbeUliNANDglevicd. T paeverist |
ehaalidressfsonk wopping apwidigamaddesthpecs arl
tha vecld nb hemgdybelec MaNDraNAND athaagiual
eadtifees it dt traiNANDrtant eincecbe WittaNANDp| y
tdenict widlnsimply A prersd@rhtiabftrehinef addr es
iadacims, indptndast of alie aldessdins. édvawer, t

tthe fop of menal fu kegp theoaddsdss @jhicdde t hat

eUIHENANDI a0@ e paes untd thiOinivhicdootwmapl d 1
code jumps to the remaining bootstrap code that is
copied to XIP memory.

Juytes oftheytop obmernery- Sonit BMmeEFBIROALSt | | ¢

Thi s addr ess
to be sel ected when read. DESTI NATI ON +
hpCTUSOE34334St em

are

XIP + Segnent address
tcagehdbessis kiRpraaciiaie: die ofensy y. COUNT +

fje

e

S
he
ntil

i's
e

NOP -

Fill the remaining bytes up to what would be address
FZAFFFh in a normally executing system with NOP
instructions. This prevents any unexpected code
execution or boundary problems that might be caused by
an instruction prefetch unit reading in locations beyond
the branch instruction. Some or all of these NOP
instructions may be read from the UltraNAND by the
prefetch unit and some will be discarded when the
branch flushes the prefetch buffer. However the exact
number of instructions that will be discarded from the
byte stream read from the UltraNAND is unknown. By
using NOP instructions the processor will just keep
reading until the remaining instructions in the stream are
encountered.

15



FI EFFFh in a normally executing systemw th NOP instructions. This
prevents any unexpected code execution or boundary problens that m ght be
caused bywoansionstructi on prefetch unit reading in | ocati pOBFUS®Y3RT t he
branch instruction. Sonme or all of these NOP instructions nmay be read from
the UltraNAND by the prefetch unit and sone will be discarded when the
branch flushes the prefetch buffer. However the exact nunber of

i nstbuctdodnBxdntpdt Wi || be di scarded fromthe byte streamread fromthe

Ult raNAND i s unknown. By wusing NOP instructions the processor will just
keep reading until the remaining instructions in the streamare
encountered. 15 WD 01/52062 PCT/US00/ 34374 5 Code Exanple: JMP START
;Junp from {he IMBSTARTIr ess t p;Juhe floaxhe e eddaeld ks boat antgaddresst hjat  t he
instructionfaddress counter w | kanpofo thamtlgdnamcki gardotetssdod@eofillinbe sequenti a
menory addr¢ss range. NOP ; Fi | kvrdphad Bexiitsidofliyd @guantibiinddrisaddeesensur e t he
prefetch bgffer will not be aghﬁg&o fetch any of the foll ow ng
instructiong befope the Junp ekxeguiRicAnd bGlkeRH NOPS td @burk e Probdtél Br
START: STD jSet direction flag| berdrRGH REBRLbIEESTeicAahy mma@dswing dpring

string nove|MV DS, ULTRA ; Loadjlheiseavent tR{dheSScdi@ant BRartdrer aNAND
memory  MOVIES, XIP ;Load the ExfrapJgsent register with the segnent

address for EE?Rﬁﬂpfnenory. MOy ESI, SOURCE ; Load the beginning Uk r aNAND
address MOV , ;Load the destination address to prepare for the ftring

DES.TI NATI O\|< MO\ ﬂVD\/ ECX, CaJNr;ée't‘&’@e@ti&Magqg HR?el}neRE dept}{l}aﬁén 1Rrekd ansy er
during the gtring during string move

MOV DS, ULTRA ;Load the segment address for the UltraNAND memory
MOV ES, XIP ;Load the Extra Segment register with the segment
address for the X1P memory.

MOV ESI, SOURCE ;Load the beginning UltraNAND address

MOV EDI, ;Load the destination address to prepare for the string
DESTINATION move

MOV ECX, COUNT ;Load the number of bytes to transfer during the string

move

REP MOVSB ;Move bytes from UltraNAND to shadow memory

NOP & ;32 bytes of NOP to fill the processor prefetch buffer

{X1IP code stream} ;The code stream to be moved into XIP memory

NOP A ;64 more NOP instructions are needed since the exact

stopping point of the string move has to over shoot the
end of code by as many NOP instructions as may have
preceded the code in order to ensure that all of the code
does get moved.

JMP DESTINATION ;Once the transfer is done, jump to the bootstrap code
in XIP memory.

10 In summary, the present invention provides a computer system in which initial program execution
is performed using only a sequential access memory, thereby eliminating the need for a separate non-
volatile random access memory.

Various modifications will become possible for those skilled in the art after receiving the

teachings of the present disclosure without departing from the scope thereof.
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nove REP MOVSB ; Move bytes from UltraNAND to shadow nenory NOP i E ; 32
bytes of NOP to fill the processor prefetch buffer {X P code strean} ; The
code strawont/seobe noved into XIP nmenory NOP ;64 nore NOPPCTYESO0BIBTIONS are
needed since the exact stopping point of the string nove has to over shoot
the end of code by as many NOP instructions as may have preceded the code
in order to ensure that all of the code does get noved. JMP DESTI NATI ON

; Once t RegAt anef smviErsigdone, junp to the bootstrap code in XIP nmenory. 10
In summary, the present invention provides a conputer systemin which
initial programexecution is perforned using only a sequential access
mermory, thergby eld @hpatt QSechlémfRed: for a separate non- volatile random
access nmenory. Various nodifications will become possible for those skilled
in the art after P®ESPSPHIg the teachings of the present disclosure wthout
departing fromth US00/ 34374 5 WHAT IS
CLAIMED IS : 1. A%ééﬁpu§%%£§€§@%%1%%ﬁgg?g%ﬁgg éagf%QESsor a sequenti al
acck8s nenory for asbporrloardgr far pooollipg bgs@pentialagcetOmambry e repé theldpotfpergram and
controllj th en

cont ol PPRGPAGTRRUERE LAk (SEEERF yIRER ook B3Rty P T Bhnce
sequentnamumhm&asﬁhmnmnmwmnwﬂeﬁponse to initialization of the conputer
system 2. A conputer systemas in claiml, in which the boot |oader is
configured to enter a read 15 command and an address into the sequenti al
access nenor @. and A &eipued Bistenl as il €laig LT e Whick the doctds®ler i@em:ffgyreti @ eneautal t he

read_command.. 3.. A c ut er ysten1 s inclaim?2 t he sequenti al
b HBRDR H18 HofiErg e PSSERe e HoaeT iRt gPa-FHOnbe ISR AR,
Menory pageiy tébgchBthereadomparamnd causes a first nmenory page to be read. 4.
A conmputer systemas in claim3, in which the read command is a gapl ess
read coommand. 25 5. A conputer systemas in claim1, in which:

3. A computer system as in claim 2, in which:

the sequential access memory is configured to store the boot program in at least one
20  memory page; and

the read command causes a first memory page to be read.

4, A computer system as in claim 3, in which the read command is a gapless read command.

25 5. A computer system as in claim 1, in which:
the boot loader is configured to inhibit the processor until the sequential access memory
has made at least part of the boot program available for reading, and then enable the processor; and
the processor is configured to read and execute the boot program from the sequential
access memory upon being enabled.
30

6. A computer system as in claim 1, in which the boot loader is configured to be activated

upon initialization of the computer system.

7. A computer system as in claim 1, in which the boot loader comprises a programmable

35  logic device.

8. A computer system as in claim 1, in which the boot loader comprises a state machine.
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the boot |oader is configured to inhibit the processor until the sequenti al
access nenory has nade at |east part of the boot program avail able for
readi ng, ve@di/sdeen enabl e the processor; and the processorPCHUS@Vd4BsUred to
read and execute the boot programfromthe sequential access nenory upon
bei ng enabl ed. 30 6. A conputer systemas in claim1l, in which the boot
| oader is configured to be activated wupon initiali zatl on of the conputer
system 7. A conputer systemas in claiml, |n Whl ch the boot Koader
conprises a programmbl e 35 1logic deV| ce. ter s%/stem as in claim
1, in which the béofompasaésfstegb%w R ams‘tlathethﬁa% er CORpLIRRHR P19 °
PCT/ USOQ4oRA4R¥ide inSwiichIne a6 KBS inplpleBaas in claim 8 in which the boot
| oader conprises a programmable |ogic device in which the state machine is
i npl emented. 10. A corrputer systemas in claim8, in which the state
machine | s cqpf | 9 &bl §RERas f RS, int(hi AR mARhe NLoRALAERS chi frelde
sequenti al access mem?ry and then contr the sequential access nmenory to
exetlt e cothmandeand ano#rddeassl intd the sxqeenigd LAceass gg@glpefmng§h¢m0%1trat the SequepfialaEeEhs t he
boot pr ontrol the processor to transfer boot code
fromthg&g@?tbﬁ a%&Pftﬂaegé:%ggmﬁgnmﬁry to a volatile Random Menory (RAM 15 and
then junp to the boot code in the RAM 12. A conputer systemas in claim
11, |nvvh|ch he M co ses a
computer syotdm adk TRRIRPITrs T HRGHE o VRRL el bR S595E8A o SRudthe A
Ex e cut e-pragedRbrac aans{eXb&)t coderfomythakdqedntilisacesspacadre td 2 wiatiidiRandon Mesmor RAM), A
ter stem as i lajm 1, in which the sequential access nenory and
the oot™™ ﬁ¥‘ ﬁl‘ég?%t’d@ﬁ%eﬁ‘f’é‘éﬁ’i"n a single integrated circuit. 25 15. A
conput er system as in cl ai m 1, in which the boot programis confi gured to

anticipate processor' ro m addr ess | ehavi or s
t he processor addrAe‘s(Eanef Fﬁsf‘? 3%% n %@t@gg{éﬁ ‘f‘t’i‘g’tnsesqé’lc 'teﬁé’fy By P
sequent ipddcedicess nenory. 30 16. A conputer systemas in claim1, in which

the boot programis configured to anticipate the behavior of any code
prefetching |logic and ensure that necessary instructions are never

prepgtched and. digseatfiesd si¥edt BEinRi8helICH WHEH the RAM comprises an Execute-in-Place

(XIP) memory which is separate from the processor.

14. A computer system as in claim 1, in which the sequential access memory and the boot

loader are implemented in a single integrated circuit.

25
15. A computer system as in claim 1, in which the boot program is configured to anticipate
the processor’s program address logic behavior so as to keep the processor address within a range of
addresses that select the sequential access memory.
30 16. A computer system as in claim 1, in which the boot program is configured to anticipate

the behavior of any code prefetching logic and ensure that necessary instructions are never prefetched and

discarded by the prefetch logic.
17. A computer system as in claim 1, in which the boot program is configured to include

35  NOP instructions as padding between sections of the code where there may be discontinuities in the code

stream caused by prefetch buffer logic.

18



17. A conputer systemas in claim1, in which the boot programis
configured to include 35 NOP instructions as paddi ng between sections of

t he code wer/206here nay be discontinuities in the code BCT®asmauUsed by
prefetch buffer logic. 18 WD 01/52062 PCT/ US00/ 34374 5 18. A conputer
systemas in claim1, in which: the boot programis configured to control
the processor to transfer boot code fromthe sequential access nenory to a
vol abi | e Rand8m MevrumypuleRAMemanth ddmn, inovigeht o t he boot code in the RAM
and the boot programis further confi gur such t it hy e
boot code in the tt’ileob%iﬁﬁo e lrgé altg}lr\?%.go ?LOS&OI&H% 8??}%%?’ értggr %[s}'feg?ﬁ&g\goéenﬁ@ﬁg?m 1,
i N whi cheduasiaba@tss piicagryainal wlatirRangemn dentooy RAMNY aid thdngumyp tootbe b codeon the
transfer ot dcode fromthe sequential access nmenory to a volatile Random
Menory ( M9ysing nove i mediate instructions and then junp to the boot
code in the RAM Lfe Bddt phgtiBl B8 d6tHeOtonfipirtd &lch pliad Gradchee ¥thinttheobbodtode in the
conput er_ system whi ch includes a processor and a sequential access nenory,
coggpi sib{Mefdelaieps of : (a) storing a boot programin the sequenti al
access nmenory; (b) providing a boot |oader for controlling the sequential
access nmenory to read the boot 20 program and control the processor to
junp to the H8ot p uPREK FYsterIAs s gaiieh i wiichbe bact PragiapY iy confisuipd ifoplEdd theg

i ni tial igzakisono dhnskddBos CHRULEN S y@h&ﬁm R0ds &,&%ort, B 4 {oMileZi dMlorh MRS TRANSS
system 21. A nethod as in claim 20, in which step (b) conprises

conf i gurlising mokeiniesdiatel igsidetions gddhpngdymp pihebopicgde i@ -and an address into
the;gequential access nenory and then control the sequential access nenory
to execute the read command. 22. A nethod as in claim2l, in which: step
(a) conpri sef0confA gathphfyr inifiel programsrécationst @ egwpuwE g Whick inpludestapeochiser
programj I . .and step (b) conprises configuring
t he bootanﬁ%zsi%gern%éluag e@% %@&?’ﬁgﬁp%g%gtg%g ﬁg causes a first nenory page to
be read. 23. A net(Aotbriag abeot ptogiam i the sequenthal &hest wempryad command is a

gapl ess read co d. .35 24, ho .in. clajm i L.ch: )
conprises confi mp)n%o‘flﬁlég %g%ott ﬁ\)ﬁcg% errcglftgﬁlmﬁﬁ?ebslc@e aig%re Jgg%e‘g@gﬁ% 5%% itﬂfe%toég
seqgaeént ipabgram and control the processor to jump to the boot program in the sequential access memory in

response to initialization of the computer system; and

(c) initializing the computer system.

21. A method as in claim 20, in which step (b) comprises configuring the boot loader to enter
25  aread command and an address into the sequential access memory and then control the sequential access

memory to execute the read command.

22. A method as in claim 21, in which:
step (a) comprises configuring the sequential access memory to store the boot program in
30  atleast one memory page; and
step (b) comprises configuring the boot loader such that the read command causes a first

memory page to be read.

23. A method as in claim 22, in which the read command is a gapless read command.
35
24, A method as in claim 20, in which:

step (b) comprises configuring the boot loader to inhibit the processor until the sequential

19



19 WO 01/52062 PCT/ US00/ 34374 5 access nenory has read at |east part of
the boot program and then enable the processor; and the processor is

confi gur adovus®eecut e the boot programin the sequential BCTES®/3FBTHOr Y
upon bei ng enabled. 25. A nmethod as in claim20, in which step (b)
conprises configuring the boot |oader to be 10 activated upon
initialization of the conmputer system 26. A nmethod as in claim?20, in

whi ch s taegess(tigmoryolrep rdad etdeasoaftiof the bogj pragesnt awsk thénaalde the procéssreiande a

progr ammabl e | ogi Vi . ; i i [ i p
(b) conprises con?flle S?CF%g“f %%f%g%%éleoa tél:?[g? %ﬁ)t#grq%r% Jﬁlg%mg%%{neaﬂtugl %@ﬁ&ﬁ%&gz&
A net hodipasbeing egdbdsdm 27, in which step (b) conprises configuring the boot

| oader to include a programabl e |ogic device in which the state nachine
is inplemented. 20 29. A nethod as in claim27, in which the state nachi ne
i s configuredsto enimehodasrieakim e@narahidh sl (A komelteesafiguting thelbeotslegisetatical
access memory and .t.ai]en.q%g)?h’%ol t he seg{genti al access nenory to execute the
r ead” coffiaAE" uB% wpalizat GOPRIGT 5% m 20, further conprising the step
of : (d) providing a volatile Random Access nenory (RAM, in which: step (a)
conprises configuring the boot programito control the processor tqQ transfer
boot code frBm t HeEBadant; daimale 85 Whigh sisp (P)rcgmpHEs ricamRe t%siﬁéﬂotﬁeﬁ%f ¥

t he bOOtin&Ql@@pfo%rahﬁ‘rﬁblB&l\éﬁcd%Oicél- A nmethod as in claim30, in which step (d)
conprises providing the RAMto include a cache nenory in the processor.
32. A nethod as in claim30, in which step (d) conprises providing the RAM
to jgclude an; ExeCHE@od Bs Bl @6k 404 itk TRP Yo) Uainphsel %oﬁ%ﬁﬁﬁg‘;{‘h@ bbdrapAdthe -
processor. 35 33. A nethod as in claim20, in which step (b) conprises

i mpl emendludg astale ngeldee. | oader and the sequential access nenmory in a single
integrated circuit. 20 WD 01/52062 PCT/ US00/ 34374 5 34. A method as in
claim20, in which step (a) conprises configuring the boot programto
antici pate t 28 pr dcesthod as nprlaggy Hmimwhick skp (D gomphissh soifigpringthe ogtdodderte t he
br 00 &S e B fRntabhiciov: 2RI M AU B3GR i MiffenBfibeCt the sequential

access
20
29. A method as in claim 27, in which the state machine is configured to enter a read

command and an address into the sequential access memory and then control the sequential access

memory to execute the read command.

25 30. A method as in claim 20, further comprising the step of:
(d) providing a volatile Random Access memory (RAM), in which:
step (a) comprises configuring the boot program to control the processor to transfer boot

code from the sequential access memory to the RAM and then jump to the boot code in the RAM.

30 31. A method as in claim 30, in which step (d) comprises providing the RAM to include a

cache memory in the processor.

32. A method as in claim 30, in which step (d) comprises providing the RAM to include an
Execute-in-Place (XIP) memory which is separate from the processor.
35
33. A method as in claim 20, in which step (b) comprises implementing the boot loader and

the sequential access memory in a single integrated circuit.

20



10 35. A nethod as in claim?20, in which step (a) conprises configuring the
boot programto anticipate the behavior of any code prefetching |ogic and
ensure tved ongwexssary i nstructions are never prefetched podudigaardded by
the prefetch logic. 36. A nethod as in claim20, in which step (a)
conprises configuring the boot programto 15 include NOP instructions used
as paddi ng between sections of the code where there nay be discontinuities
in the code stream caused by prefetch buffer logic. 37. A nethod as in

claim 20, in }i\hl CIA m&h?cp as 1%)clacf’r$ tg%?ch%%gf(@%géfpﬂgs tcg&'ﬁﬁg&gg[ th® BC?OQ atﬂpto

control the proceSsor trans eq uentla access
menory ml@amhapnobasdﬁamdxgrmmmwogﬁmlkf)avmdo th enkdep the mmeSSheaddm& withiodie | n

the RAM_an ri ses configuring the boot program such

that br é??@?@%a%aﬁ %)Fﬁ(tﬁgt S%Cttt}k?c?%(% glg%cc?sﬁmFWgYRAM are relative. 25 38. A

method as in claim20, in which step (a) conprises configuring the boot

programto ntroI roc to transf boat code fro e se uentlal

accgés mermr;c?’ to & %ﬁg‘é‘l F Eﬁﬂ%@rﬁp Wshotp @FSRW“E@ H%I%%%h%

I NSt r uctah@isateAdNe bEHAGIr bIY doBe bREtNARIoGOER] édure Nt BOksarlinstructions are never
prefetched and discarded by the prefetch logic.

36. A method as in claim 20, in which step (a) comprises configuring the boot program to
15 include NOP instructions used as padding between sections of the code where there may be

discontinuities in the code stream caused by prefetch buffer logic.

37. A method as in claim 20, in which:
step (a) comprises configuring the boot program to control the processor to transfer boot
20  code from the sequential access memory to a volatile Random Memory (RAM) and then jump to the boot
code in the RAM; and
step (a) further comprises configuring the boot program such that branches within the
boot code in the RAM are relative.

25 38. A method as in claim 20, in which step (a) comprises configuring the boot program to

control the processor to transfer boot code from the sequential access memory to a volatile Random

Memory (RAM) using move immediate instructions and then jump to the boot code in the RAM.
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