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respond to nmultip I nterrupts, an energency shut o
m crowave 20 oven in response to sonmeone opening its door. Mcro-
control l ers traftdingR@Al, Yraggpspeci al i zed for single bit mani pul ati on

and include a CPU, RAM ROM serial inter- faces, paral]el
interfaces, tiners, and i Re@rigpensitrdelates &g inpenresatile gpde

There are severghdtyfes Rbudi¢lAcQNd ddtned with itmBeRUUHE o R |1 Of
8-bit n1cg$controIIQ%f |§%b€§§d on the 8051 mcrocontroller
architecttfe fi¥st7AtT otucedP- by Intel Corp. in 1981. This
architecture traditionally used a ROMto hold program or code,

menory to contré% éﬁ# U¥#p§% peration. In essence, the code nenory holds a
list of ins ?uc ?o S ch tell the mcrocontroller howto

respond to various stinulMicrosenzrelenemry, sinpicalip devices used
to monitor and control the response of an apparatus to

15 its surroundings. For example, they can be used to
interpret user input keystrokes on a microwave oven and
then control the microwave oven’s response. Often,
microcontrollers are designed to respond to multiple
interrupts, such as an emergency shut off the microwave

20 oven in response to someone opening its door. Micro-
controllers traditionally axre specialized for single bit
manipulation and include a CPU, RAM, ROM, serial inter-
faces, parallel interfaces, timers, and interrupt sched-
uling circuitry.

25 C. There are several types of microcontrollers,
but a popular family of 8-bit microcontrollers is based
on the 8051 microcontroller architecture first introduced

" by Intel Corp. in 1981. This architecture traditionally
used a ROM to hold program, or code, memory to control

30 its operation. In essence, the code memory holds a list
of instructions which tell the microcontroller how to
regpond to various stimuli. A separate memory, typically
a RAM, holds data entries, i.e. intermediate results as
well as temporary data constants. Since the program

35 memory was stored in a ROM, it could not be changed and
the microcontroller itself had to be replaced if the code
program had to be updated. This made the prospect of
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Further improvements to the basic 8051

microcontroller architecture were disclosed in U.S. Pat.
No. 4,782,439 ‘to Borkar et al., relating to improved

20 memory access, and in U.S. Pat. No. 4,780,814 to Hayek,
which disclosed a communication interface. Although
neither of these patents addressed the inflexibility of
the 8051’s code memory, this was not .considered a problem
since changes to the code memory of a microcontroller

25 were traditionally rare. This situation changed, how-
ever, when microcontrollers were applied to more recent
versatile applications such as cellular telephones and
" cable reception boxes.

A major improvement directed toward improving

30 the flexibility of the 8051 architecture was disclosed in
U.S. Pat. No. 5,493,534 assigned to the same assignee as
the present invention. U.S. Pat. No. 5,493,534 intro-
duced the use of a type of FLASH memory to hold program
memory. Additiomally, U.S. Pat. No. 5,493,534 introduced

35 a voltage pump into the 8051 architecture which allowed
the microcontroller to generate all erasing and program-
ming voltages internally without the need of an EPROM or
EEPROM programmer. By making a communication link with a



cabl e recept iy ﬁ%@§. A hajor | mprovenent di peTyUST/088%ar d \
I mprovi ng 30 the flexibility of the 805% architecture was disclosed in :

U S. Pat. No. 5,493,534 assigned to the sarffe assignee as t he present
i nvention. U S. Pat. No. 5,493,534 intro- duced the use of a type of
FLASH nmenory t roqgr P, .
5,493,534 intrggugégrg & ag3$8| he”ﬁQEEXCQQngi ggakéllgééﬁ}?egﬁﬁre whi ch
al | owned £heldi cooeonpudtl eemooe ynupdaéeatheemagmgoa’m%l@sram
ming vol tages b?& EQ&'E& houkpte Beedagf nan BREOM Bcessary FEEROV
pr ogr anmer . co nicatron link wt WD 99/ 56205

PCT/U899/04559remove the microcontroller from the3f1eld whe@ %%ard on

whi ch thegm Cr?ﬁ%@&&:&&' h8hok9ShdedelintbhBe updatéald, one could remotely
update the mcrocontroller’'s 0 |l onger

| t
necessary to reaneTPﬁerﬁFEPSCHﬁ%rBE]@ﬁchéﬁFFﬁgf}?E dxﬁzﬁﬁe?ﬁe 5

-progra”‘”E”UrYHﬁ&%dQQr%QtEQeUaﬁg&&datlons has also ndbesstrtanedusbeotise
m crocontrol | er

re versatile a n | so
necessitated t R % H?@r Spec&ﬁlﬁsggt§p§8F 8Sd5Fgggb%%€%é8 éﬁﬁg r%flon
nunbers, aeceess codes, ete Tirhe st yygeobfddaaal $s| Labbket bochhagee 10
sonemhat frequentl and _needs be et d.ev 1 '
renoved 9Pon1tﬁ8mﬁigfﬁcgﬁFﬂgﬁp ¥ §|nce tﬁg t8 Sgt?gggg?gﬁafvggggfté§
architecture sppp@mtssawemoyeﬁuérpmnthetmlcrOC@npﬁ@@éﬁrtomﬁi@cﬁaﬁhﬁulation

of data nmemory axta%ngl s0s1RAM- BB hive soboRBEE BA TRBERLCEALA Sber age
Is typi- 15 ca tored in an external EEP chip conflgured

respond |ike adRKM CpweEdr BadinHd akiPhe OfcaE8t BoPPEH only 1Ph@ 8051
m crocont ol | eianThe 805 ybel BonRsk PeeGkant dataleEBEHgebesi tyRIM EPROM

o oo A aose Y e eanesnal HEBREITHb pbtRSaRhehol.t o' I ¢
designed to  respaade 1dey o @Atk aeaesy to mbaﬁrapdograneneaqnysmheﬁrbmey
the 8051 microcontroller. The 8051’s internal program
memory, be it ROM, EPROM or FLASH, memory cannot be used
for storing this type of long term user specific data for
20 two reasons. First, all microcontrollers are designed to
have only read access to their program memory when they
are in an active mode of operation. This is necessitated
by the fact that since the microcontroller’s ALU is
controlled by instructions coming from the program
25 memory, it cannot alter its program store while executing
' from it. Therefore, all microcontrollers must first be
placed in an inactive, or reset, mode and extermally
.controlled in order to have their internal program memory
altered. Secondly, the ALU within the microcontroller
30 needs to be able to constantly fetch its next instruction
from the program memory even while writing updates to the
data memory at the same time. This too necessitates the
use of a second memory module for the data memory store.
U.S. Pat. No. 5,375,083 discloses an IC card
35 microcomputer incorporating a ROM module for storing
program memory, a RAM module for storing temporary data
memory and an EEPROM module for storing long term data
memory. But, as stated above, the 8051 architecture has
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store into a space since it- cannot access existing nonvolatile memory,
and further complicates its design and layout by requir-
ing an additional memory module, such as an EEPROM
20 module, added to the microcontroller.

Still another limitation of microcontrollers is
their limited .amount of addressable program and data
space, which is typically limited to a 16 bit address
register. This is especially true of the 8051 family of

25 microcontrollers. The 8051 is capable of internally
addressing up to 2716, or 64K, program memory locations,
but this much program memory is typically not located
'iﬂternal to the microcontroller. Therefore, an External
Access, EA, pin permits the 8051 to access program mMemory

30 external to itself. For example, if the microcontroller
has no internal program memory, then the EA pin is
external tied low and all program fetch imstructions are
directed toward program memory external to the micro-
controller. If the 8051 does have some internal program

35 memory, then the EA pin is tied high and program fetch
instructions which lie within the microcontroller’'s
internal memory are accessed internally, and fetch
instructions lying outside the available internal memory



m crocontrol | er makes ineffici ent use of avail able nenory P mg ce
it cannot acc®X9EER0S | ng nonvol atile nenory, and further @mﬁ %3

its design and | ayout by requir- i ng ak-addi tional nenory nodul e, such
as an EEPROM 20 nodul e, added to the mcrocontroller.

Sti.ll another limtation of mcrocontrollers is their limted anount

of addressabl e PivgruhrEaki ety directashdowamsd axternadpmeniony - i@ ted to

a 16 bit addressither cd$dl St -mild¥codriRIPRG ddnhdt W ddsd R R051 fam |y
of 25 m crocontrol lers.  The 8051 i1s capable of_internall

y.
addr essi ng up fRETMOUE thAD gk aYRLRRAR et 19 Gddgests bits,” 1.9yt 64K s
much program nenmory is tym&addse ot déﬁ‘aﬂtn%inory is IRt fhﬂiret Q‘etsmﬁ.‘lc-'

m crocontrol | er. Ther fore, an Extern Access mts the
Boon L o ebe Gty ars ST S SN areniad iRt mas ah, g by

the microcont rcuslte,r _a%dzl'eséla&apwfilltry eﬁmlnp:re:graﬁlmdmmraccddmn aﬂlteloﬁéhpl n
IS exter .lie w and .a r t ch, i ruct.i_ons

di rected towar (r}gb]r%g?%?ﬁ rﬁﬁ'%/ %%(t Jﬁ-%?d? cfgby us:LngP 5’% (?Iclter. | f
the 8051 does redreassing nt ermairclﬁmgxcaracﬁfess ruenmr@ullﬂﬁe‘ﬂ(tdfe Batgin is
ied high and MGSANSSLED, one nddBl HELANSG WHE Lt M, Bbicn

m crocontrol |l er are accessed’intern
i nstructibhs | w&@m%lﬁelﬁwiamclmﬁ% regigter anhwmaresses OKlYV\O

99/ 56205 external data memor This das!D @éfﬁ%&&i% not been a
- 5- are automatically directed toward external menory

ei ther case, tHREIRESHHHRFDIdaF2 BEIRKY RabReqridmited W't Ak b

available with Mldwlcasxep;s tk&r&;_sorarf daﬁ?eK has relatively laiRR eReRrgf data
menory is even r resérl C- he 8051 .internal architecture has

an 8-bit, or alb%ﬁe%sq‘é’a‘a%cafcfciﬁﬁfsbrmﬁﬁ S hAF R 2 METEEY -a] t hough
this am)um can be sI | ghtWIyaiexi&rtdmlieh:y issiarg 4l 0151 type addressing. In

or der 10 accessy] Lyl SHC N 1Al hore oeFRIRN: 0P GV 105AH I Qb5 2

of memory. It is an object of the present invention to
provide a microcontroller which eliminates the need for
two separate and independent code and data memory modules

20 and thereby make more efficient use of available chip
area.

It is another object of the present invention
to provide a microcontroller whose addressable space is
not limited by the size of 1ts address register.

25 ' It is yet another object of the present inven-
tion to facilitate the construction of look-up tables in
internal and external data memory space.

SUMMARY OF THE INVENTION

30 The above objects are achieved in a micro-
controller which combines the attributes of FLASH and
EEPROM memories in the construction of code and data
memories. The code and data memories of the present
invention separately function as either FLASH or EEPROM

35 memory when in gerial mode, and both function together as
one contiguous FLASH memory when in parallel mode. To
accomplish this, both the data and program memory re-
quirements are combined into a single memory module
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The code space P¥RT&L¥i¥St8E3R4ing rating
15 Simultaneous reading of the code space while

writing to the data space is accomplished by means of two
optional memory architectures which divide a memory array
into a first memory sector for storing code and a second
memory sector .for storing data. In both architectures,
20 both memory sectors share a common set of bitlines, but a
set of pass devices can optionally isolate the bitlines
running through the code sector from the bitlines running
through the data sector. Similarly, in both architec-
tures the sense amps, y-decoders and drivers are placed
25 in direct access to the code sector such that the code
sector always has access to the sense amps, but the data
sector can be optionally isclated from the sense amps by
'méans of the set of pass devices. When the data sector
is being programmed, the pass devices isolate the code
30 sector read operations from the data sector while permit-
ting the y-decoders, sense amps and output drivers to
still have read access to the code sector.
The two architectures differ in the manner in
which the program operation of the data sector is main-
35 tained active while the code sector continues to support
read operations.
In a first embodiment, the data sector has a
duplicate, second y-decoder adjacent to it. High pro-
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devices isolates the data sector from the code sector

during simultaneous read/write operations. Thus, both
20 the data sector and the code sector can be altered byte
by byte as if they were two separate EEPROM memories.
Both, however, also support a flash erase operation
during which the y-select lines of all bytes in both data
and code sectors are selected and thus all bytes in both
25 arrays are simultaneously erased.

The present invention further includes a
mechanism by which the wmicrocontroller itself can dictate
‘Wﬁether it will access internal data memory or external
data memory on the fly. A new special function register

30 contains, among other things, a memory access flag which
is set for access to internal memory and reset for access
to external wemory. Thus the effective addressable data
memory space of the microcontroller is doubled. That is,
once the maximum addressable internal data memory is

35 reached, the special function register can then be set to
access an equal amount of extermal data memory. Since
this is an internal register, the program memory itself
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si mul t aneousl| y semsgedn accord with the ppr@sppgsem«renm@nu on further

includes a - mechani gy ahicch WISAK ahiaceakl 8! ar risel msaaifkatat e
whether it will access int ﬁ ata nenory of external menory
on the fly. A rﬁm%@%oﬁmrﬂﬁqf@#%@rﬁép gecordeWatRi hie Bﬁﬁﬁﬁnﬁt her
things, adgrenorynaaaess flag which is set for access to internal
menory and reset for access , to external, ng Thus the etfgnélve
addr essabl e data mesty Spdcéd GRHE it 85‘3%#898? Ps Boub That
i's, once gdyerXia8uA addrramald eithi ehealpreéatatmenyention3s

reached, the speci al funcI];l on { % I ster %%'}ntatie%tgﬁcﬁﬁﬁfet gf thfan gggess an

equal ampount of external er nal
regi ster, the poagk atmnterm‘lr y::uncsaltf of F:Lg 4—. in accord Wlth the present

20 invention.

Fig. 7 is an internal structure of the pass
device bank of Figs. 3 and 4 in accord with the present
invention. _

Fig. 8 is a closeup view of a section of the

25 array structure of Fig. 3.
Fig. 9 is a block diagram of the second embodi-
ment of a memory architecture in accord with the present
" invention.
Fig. 10 is a partial layout of the column latch
30 bank in accord with the present invention.

Fig. 11 is an internal view of an individual
latch within the column latch bank of Fig. 10 in accord
with the present invention.

35 BEST MODE FOR CARRYING OUT THE INVENTION
With reference to Fig. 1, the general architec-
ture of a microcontroller in accord with the present
invention is shown. Microcontroller 1 includes a central
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- 8- calfOdPE6%F e whet her the flag is set or not set and FAF(HS99/04559
convert frominternal access to external acgess. BRI EF DESCRI PTI ON
OF THE DRAW NGS 5 Fig. 1 is an overall block architecture of a
m crocontroller in accord with the present invention. Fi g.
2 is a block dim@caam’mmomm SEEr mamnsistingof an medidmedni cediogrimal
paral | el neans ter q&%ﬁéﬁ AY nodul e
of the present %Q; Ejﬂl'dnrﬁj’elnt"ﬁ%’ch is fe?%yg%rpa a%%xfsﬁé %%l al | ayout
of a nenmory celfirst temparpry resmieder Wis-h MY é{legémalusm/mﬁmmswe

Fig. 4 1is a bleek AiAHA Herbdrddryl AN, The HediesMHORLU 11

architecture in accord with the présent” 15 I nventi_on.

Fig. 5 is®a ci P&f tHapiiamahaese & ledalakys 21 andygn&er & PEEFTER accord
with the preserdtdtiueRid®@N .19, which holds arﬁz' %Ee@l'ag. t altiise Feak uslekuct ure

of the pass ank cont.r ol circuit of %1 I n accord MAEH t he present
20 i nvent i oPf the calculation giygt performedy; e MEFOSOREICILEZOR t he
pass devifag-diank afcikidss 2&@@:@'&39 D> FA GRS @3\Amfichhan@m§>eﬁhte

I nventi on. |, oseu | Q t he 25
grYay ;IFUCILHG§%% gHepiad futfbe £ § reglstqu 83%9%p§)&lﬁﬁﬁb%%d gr&ﬁF@F t he
second erfdodi - 16 bit reimend andreraumtearsci2ist,eet und tiid evedordbeirtriupt-he

present @P’c@'ltt' |r¥eac S d)n hﬁ'pt oé@nﬂlajt:%xj §3aa91t%.rtc'l%|c}4-%¥.%t of the

colum latch 3 pan present inve
cuitry. All of the prevxously discussed elements are

generally known in the art of microcontrollers and are
more fully disclosed in U.S8. Pat. No. 5,493,534 assigned

15 to the same assignee as the present invention and in U.S.
Pat. No. 4,780,814 to Hayek.

More characteristic to the present invention
are data memory 37 and program, or code, memory 35, which
although shown as separately in Fig. 1 are actually part

20 of a single memory module to be explained later. The
present invention further includes a programmable watch-
dog timer 39 as well as first 41 and second 43 data
pointer banks. Control signals PSEN, ALE/PROG, EA/Vpp,
and RST perform various reset and memory management

25 routines and also facilitate programming protocols as
disclosed in U.S. Pat. No. 5,493,534.

The presently preferred embodiment incorporates
a'kilobYtes of internal code memory 35 and 2 kilobytes of.
internal data memory 37. Prior art 8051 microcontrollers

30 were: limited to a smaller amount of internal data memory
due to only 8 address bits being available for internal
data access. The architecture of the prioxr art 8051
family used both direct and indirect addressing to access
the lower 128 locations of intermal data memory and used

35 indirect addressing to access the upper 128 locations.
Direct addressing of the upper 128 locations is reserved
for accessing special function registers within the
microcontroller. In order to access more data memory,
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t he preV|oustFg|scussed el epents are ene radég Ugmn in the art of

nmi crocont r ol | eF&®aRFe§FBE embOdﬁﬁﬁﬁtfﬁ1F9 FreePHsR ire@yiandyp.

5,493, 5340assi gnddrébt addecbBengasE BE&I Yoweras2s NeypsesentrRAMVEm i on and
in US. 0,814t

character|stlclpglfﬁgtp?g§§ﬁFsFﬁ§eﬂFFgﬁe uppera}%8d3¥%§%éﬁgwgh§7 and

program or coSémidemdyy 83rechi afidress ofl theugbpehol®s asocepioret ely i n
Fg 1are aCtH@EE¥v@3r%o%0ach3L oot ﬁQ'SPQEfgiY H%E%Q&hﬁﬁgg%a% )l ai ned
ron fur I AC

| ater. The resent i nven her udes a progr e wat ch-
dog timer 39 as well as Fhist pogeand probhem4Bo dalpe presezybummhm@

Control gkgnal g5 BSEN: cALEA BROEceES/ ¥BPrhe 2K of additional internal
data memoxry, one needs a 2 byte address, but the 8051
architecture only supports 1 byte addressing of internal
data memory. In order to not deviate from basic 8051
instruction set and to not alter the basic addressing

20 schemes of prior art 8051 architecture, the present
invention extends the use of the existing MOVX instruc-
tion, which already supports 2 byte addressing for
manipulation of data memory, to access both internal and
external data memory. Therefore, all accesses to

25 internal data memory 37 are accomplished with indirect
addressing by means of the MOVX command along with
program address register 45 and a special flag bit which
'diétinguishes between internal and external data memory
accesses, as more fully explained below. The use of this

30 special flag bit effectively doubles the amount of
available data memory since the MOVX command can be used
to access up to 64K of internal data memory and then to
accesg up to 64K of additional external data memory. All
other internal data memory accesses are directed to RaM

35 23 and-to the status registers.

Since the prior art 8051 arxrchitecture already
supports addressing of up to 64K of code memory 35,
internal or external, no new addressing scheme was needed
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facilitate prgﬁﬁ%mm#ﬁg prot ocol s as disclosed in U S. Pat.
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access nore dapaifEmEdry, the next eWSc88abB203nstruction. If the next
PCT/ US99/ 04559 . . . ¢ ons - 10 PLi aLk 8051
architecture r&ﬁﬁ%ﬁ&&bﬂﬁd%PgéfuﬁééPgs%ﬁﬁS WlthlgfEgﬁt%?ﬁngaa%ggégn%?y
through a " Myvéhextiateaialcopde memomynd FheOVRhewRrearaBesounE8Thif dat a
pointer to add%ﬁ%ﬁied t uEhEOigégrﬁgleébg%gﬁ%mgéyg MgEDERe next in-

The present enbodi nent does not deviate the standard instruction
set of tHBé 805Btrmwtiprade outsidgatheapferene §oacsf o55506yLBECEFARAM

nenory and a baige memord, TPRE 2hef probham ceghsker $s bkpkkika tbethei or

art, t he pres%%h enmbodi ment al So_supports both girecgb?nd 10 £
i ndirect addr eSKEREFTEE CRES BRECTY28P|Ced SRFRRNMaAGITessable FPREE ©
addressi ng of tgag.upper 128 bytes of RAM Simlarly, direct address

function fegisters. . Houever, in FEETNEEnate SRERRInRRL! BB BHET 2
appl i cat iisn 15 pressmc d rivendgdion , athes smoanthef2Kddreaddbilronaliei mempnyl

data memory, OW%%d% cnddy %e%%%rde%%%: B 8802 lan adaiRichhieetdge
only supports yte addressin I nt er nal

bit similar to the special flag bit discussed above to
distinguish between accesses of internal and external
data memory. But this additional flag bit to control

20 code memory would cause slightly different behavior. For
example, when this additional flag bit is reset, the
microcontroller would function as in the prior art. That
is, if the EA pin were tied high, then the
microcontrolier would access all the available internal

25 code memory, and if the internal code memory is less than
64K then it would automatically switch to external code
memory at the next address up to a maximum of 64K,
o Under this approach if all 64K of code memory
were internal to the microcontroller then no additional

30 external code memory may be accessed. Similarly, if less
thaﬁ 64K of code memory is intermal to the microcontrol-
ler, when external code memory is automatically accessed,
it starts at the next available address such that no more
than 64K of internal and. external locations may be

35 addressed. For example, if 16K of internal code memory
ware available then only 48K of additional external

memory may be addressed.



data nenory. In order to not devi ate from basic 8051 instruction set
and to not alw@s9%/462@5 basi ¢ addressi ng 20 schemes of prior BEFWU 4559.

architecture, the present i nventioniextends the use of the existing
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mani pul ati on of data nmenory, to access both internal and ext er nal
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MOVX comm@nd ca\ndeememedy In thisowswenp b @K ofF CIQﬁeemord’atW menory
and then to £eBAEESEo UPnL InbLto Aln@tdl 1dOnalndx %@tﬁ%ﬁgﬂ dmRmry. Al

ot her |nternal ata nmeno haccesses are directed to 23 d-to the

status regi st erdditional flag bit apprdditenpl ikt ﬁ?@f%ﬁl ure

al r eady &Hﬂ@??t éoﬁﬁérﬁéséé@e@ée&P tm&%&immcte dARIasale code
internal or externa no_ new. addr essi n ene wa.s ede f
99/ 56205 memory would also be Sxteh e n 64K o
-11- 10 foeodli ﬁeﬁl@ﬂyuﬁér@f 1ﬁtl@mmbstﬁmttmhmﬁﬂmunt:ddiltém priifor

art, part of the 64K of.codg, nenpry na I

i crocontrol | e Oﬁnaxf“ﬁgl? Ehﬁag)l% °%?<1¥ ajr&{ eﬂ#ﬁ 16 of rﬁ%‘%%?lc?nt S %er
In this prior memoappandchhetmécﬁoconm@lb@orhad)lﬂﬁi afbraxtmmnal £qsleogram
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execut abl e i nstFUREY |es W ess space o t he I nternal
code nenory, tnedetmempmgaam tbansepseguent uRpRy 48K 1f t%ﬁlﬁ%aér nal code

memory. hE thegdgxi- RadlBeen SLEHEEEQN tBe Oé&éitﬂﬁoﬁah@ gy esis: spagel of the

i nt er nal code” nenor then th rogram cou lied to the
be set and Xhereby gafnpac ess to t% égltafé)nal C!Lower

16K of external code memory.
Further augmenting the present embodiment is a

new special function register called the Watchdog and

20 Memory Control Register, or WMCON register, used to
distinguish not only between internal and external data
memory accesses but also for controlling watchdog timer
39. WMCON register is shown below along with the meaning
of each of its control flag bits.
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addr eSireqd. softgare shppldeseti thifRisf td NP erafsbr GHEBONMWITDEY is
abl e t hesompnénead48K of additional external menory may be

205 ;
gﬁﬁﬂﬁy Internal EEPROM Access Enable. When fEMEN = 1, the MOVX In

Fnat e enbie@tmegiion HERBVRETR Wifllt preess on-gHin BEBROY instegdiit were
the ni crextertdl0lARS memory. WotHetl BRMESSS (eXHETMNaLtic OHER menesgesat t h
PSS é&ggnélf dg{@mg@gy address were al so available in internal

. Al
EROr-y- Hi—tHr-s—arRer—+—64—of—cotde—rrenor
DPS

Data Pointer Register Select. DPS = 0 selec{s the £irst bank of
Data Pointer Register, DP0, and DPS = 1 selects the second bank,
DPL.

oW ]

WDTRST
RDY/BSY

Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this
bit is set to ‘1’ by user software, a pulse is generated to reset
the watchdog timer. The WDTRST bit is then automatically reset to
‘0’ in-the next instruction cycle. The WDTRST bit is Write-Only.
This bit also serves as the RDY/BEY flag in a Read-Only mode during
EEPRCM write. RDY/BSY = 1 means that the EEPROM is ready to be
programmed. While programming operations are being executed, the
RDY/BSY bit equals ‘0’ and is automatically reset to ‘1’ when
‘programming is completed.

WDTEN Watchdog Timer Enable Bit. WDTEN =

and WDTEN = 0 disables the watchdog timerxr.

1 enables the watchdog timer

The WMCON register contains three Scalar bits PS0-PS2 to
control watchdog timer 39 in accordance with a preferred
relationship shown in the table below.
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for controlling matcmaqp‘rrne WCONT € el ow
along with the neani ol dach of its contr 30
35 W@ 99/ 562057 1 128 ws
PCT/ US99/ 04559
1 0 0 256 ms
1 0 1 512 ms
10 1 1 0 1024 ms
1 i 1 2048 ms

Watchdog timer- 39 operates from a second indepeﬁdent
oscillator 38 with scaler bits PS0-PS2 in special func-

15 tion register WMCON used to set the period of watchdog
timer 39 from 60 ms to 2048 ms. The purpose of watchdog
timer is to prevent microcontroller 1 from accidentally
locking up. The watchdog timer is reset by setting the
WDTRST bit in Special Function resistor WMCON before the

20 preselected time period has elapsed. If the watchdog
timer’s preselected time period elapses without bit
WDTRST being reset or disabled, an internal reset pulse
is generated which regets microcontroller 1 and thus
prevents any lockup conditions.

25 Bits EEMWE and EEMEN in special function
register WMCON direct the MOVX command to access internal
"data memory instead of external data wmemory. Although
internal data memory can function as either a full
function EEPROM writing one memory location at a time or

30 function as a Flash memory erasing and write one block of
memory locations at a time, these two control bits make
reference to the data memory’'s EEPROM behavior since it
is more likely to function in this capacity when it is

-being accessed by the microcontroller’s internal CPU.

35 Bit EEMWE functions as a read/write signal to internal
data memory 37. Bit EEMWE should be set to a logic 1
prior to initiating a write sequence to internal data
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PS1 to ' O'mendwy il c ol shoed foees Iaammmla Begiod Oofatl &hes .endNten

al | P : r ar t is 2048
10 el THBETRIS el TR S eaeRa e | 5, 2]
‘1" before internal and ¢xfigrnal; rdgattg/tn@mm @aces@eschi F IEERROVEMEN

the MWVX instrudiddt to a logic 1, therd/%e W’\f}é"@:‘r&u@ﬁwlﬂlietbet h' S bit to
"0" after EEPROMwite_is conpl et ed

Internal FEPROVIHERRR] B pinteride HataVER™OTY Yhe Oubytf1dit EEMEN 18

Instructlon Wi tfbé&T&méllﬁf&&ﬁ e thEMRMdRedzed wafl1 be di-
external data mem)r%i When MOVX with DPTR accesses

external data nmeffor§e t° externagpglata NeRATY ‘Poi nt er Regi ster Select. DPS
= 0 selects the first barBitfpDpPs within special ma@mm@gz&@mmowpo

and DPS = 1 sel ect s seco bank,, VWDTRST
Wat chdog Ti mer Res®t r‘?ﬁi %‘EF‘M %ﬁfsfqgle:ﬁjt b%a(’:‘t‘?’etdi Fe Gflgct one
RDY/ BSY Mt | sofSdthd ccwd'ddna l;mrntsaﬁthmﬂfs 4 it 28 .1 s Bgeedatted to reset
the wat chdog t| ' QUi

0" in the next | ns ru?f %%ﬁ%’t 9@#@%#&%%%{‘: %&%\éss é%t Otfofgita
This bit al so desmesy @&1cthasRINREWTE |xmjid:msa mi@ldﬁﬁ%@@bdm .ng Use
EEPROM wri te. RIN/BRY dada s dddadidte ARt d edy aeae%%mg of

programed. Wile pr ramm_ng operations are being executed
RDY/ BSY bit equitktimite dmblas aﬁﬁmmf@ammeéstetcweytwna Bea

progranmiyyy is ;f&imi@é% it need\BENe pudehdngoliameitaenablre B tto VWDTEN
= 1 enabl es the \/\ta{_‘(‘h 9g timer and WDTEN = di sabl es the
o] to another table.

vvatchdog tinmer.
Data pointer select flag bit DPS can be used in

conjunction with control bit EEMEN, which is used to
distinguish between accesses to internal and external

20 data memory. When EEMEN is set to 1, the MOVX function
will access internal data memory at a location noted by a
selected one of data pointer 41 or 43. When EEMEN is set
to 0, the MOVX function will access external data memory
at a location again noted by a selected one of data

25 pointer 41 or 43. Thus, by appropriate programming and
making certain that two pairs of tables are located at
the same address locations in both intermnal and external
'déta memory, the combination of the dual data pointers 41
and 43 along with control signal EEMEN effectively

30 doubles the number of data pointers since one can use the
data pointers to access two locations within internal
data memory and then access two different locations
having the same addresses in external data memory.

These features of the present microcontroller

35 are further enhanced by its memory architecture which
reduces memory. area while increasing memory capacity and
flexibility.
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Wat chdog Timer Period Sel ection WDT Prescaler Bits

gerlod 0 PS2with f@%érence BSOFig. 2, th808bASt]tuent paﬁFs

32 s of thaOCPU descr}bed w?thorespect tgsipgFig. 1 are ' 0

1 1 collebZ3 vy shown as block 51. AsOstated efrlier, data56 ns
1024 né 0 memo%y 37 and c%%% %gm%gy 35 of Fig.lkoagen%n éctual%%gghdog

timer 39 dperahm&'hmmummubmsondrbgd&peademhgTe memosgi hbatbe SRowmntimscal er

per i od of vt cBady 2 s Wit/cbas pelibeR 672 PhEbAIERE HaRE-E e T et 07
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l'ocking up. Theehifded theTlxrdrh83eEedY a3ChbhAg 55€r external

parallel means 53. External serial means 55 and external

22X

10 parallel means 53 preferably form part of the configur-

able serial and parallel ports 25-28 shown in Fig. 1.
Data/code memory 67 looks and functions differ-

ently from a user’'s perspective depending on whether it
is being accessed in parallel or in serial mode. "In

i5 parallel mode, internal data memory 37 and internal code
memory 35 function as one continuous memory array com-
prising a single memory space with no distinction between
data or code wmemory space. For example, in the presently
preferred embodiment data/code memory 67 comprises 8K of

20 code memory and 2k of data memory, but if data/code
memory 67 were being accessed in parallel mode then it
would behave like a single 10K memory array with code
space preferably spanning addresses 0 to 8K and data
gpace spanning address 8K+l to 10K. Furthermore, in

25 parallel mode data/code memory 67 functions like a single
flash module. That is, the entire contents of both code
aqd data space are erased simultaneously and the entire
'array may then be reprogrammed one byte at a time. Also, .
in parallel mode, the microcontroller requires the

30 application of a high programming and erasing voltage Vpp
and is compatible with existing FLASH or EPROM program-
mers. '

In serial mode, however, data/code memory 67

functions as either two separate flash modules oxr two

35 geparate EEPROM modules, each having a separate address
space and each responding to separate programming and -
reading commands. One of the separate modules serves as
an independent code memory occupying a contiguous address
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Since the microcontroller’'s code memory may be
serially updated in the field, a security programming

20 fuse is incorporated into the preferred embodiment. When
set, this programming fuse disables all serial program-
ming of data/code memory 67. Secondly, programming fuse
is not accessible in serial mode, and wmay be set or reset
only. in parallel mode. Since program and erase opera-

25 tions in parallel mode require a Flash or EPROM program-
mer, this assures that no tampering may occur while the
microcontroller is within a user system in the field.

o If data/code memory 67 is being accessed
externally, either by serial address bus 55 or parallel
30 address bus 53, then data/code wmemory 67 behaves as one
continuous memory array consisting of the single memory
space with no distinction between data or code memory
space. Additionally, if data/code memory 67 is being
accesgsed by a serial means 55 then data/code memory 67
35 behaves as an E® memory having byte programmability with
an automatic byte erase. But if memory 67 is being
accessed through parallel means 53, then it behaves as

one continucus flash memory having flash array erase of
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logic low on signal RSTT, tristate pass device bank 59
passes the contents of address register 45 via bus 61
onto address bus 63 while 2-to-1 MUX bank 57 isolates
address bus 63 from either of external input means 55 and
20 53. If an external access is initiated however, then
signal RSTT will have a logic high causing tristate pass
device bank 59 to isolate address bus 63 from bus 61L. A
logic high on RSTT further enables 2-to-1 MUX bank 57
which will transfer one of either external serial address
25 means 55 or external parallel address means 53 onto
address bus 63 as determined by External Mode signal
Ext_mode coupled to a control input of MUX bank 57.
‘,. As stated earlier, data/code memory 67 will
behave either as a continuous addressable single memory
30 space when being accessed in external parallel mode, or
as two separate memory spaces when being accessed inter-
nally by CPU 51 or externally in serial mode. To accom-
modate these two functions the data and code memory
spaces within wmemory 67 are preferably separated by means
35 of the more significant bits. In the present implementa-
tion, the data memory space is located in upper memory
accessible by activation of most significant bit ADDR13,
and code memory space is located in the lower memory.
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preferably spannlng fromO to 8K, and the othe
serted or when signal DATA EN 13 asserted, then
data/code memory 67 will respond by accessing its data
space.
With reference to Fig. 3, an exemplary array

20 layout 66 of data/code memory 67 is shown. Memory array
66 is divided into a code memory space 35 and a data
memory space 37 by means of a bank of pass devices 73.
As stated above, the preferred embodiment has data memory
37 in upper, or top, memory space and code memory 35 in

25 lower, or bottom, memory space. Since many of the
constituent elements of both code 35 and data 37 memory
space are similar, they are identified by similar refer-
‘eﬁce characters with the addition of a subscript "T" or
"TOP" for elements within data memoxy space 37 and a

30 subscript "B®* or "BOT" for elements within code memory
space 35. When a common reference character ig used
without a subscript qualifier, then the reference charac-
ter is applicable to both code memory space 35 and data
memory space 37. Code bitlines 74, and code byte select

35 ‘lines 81y are selectively coupled to or isolated from
respective data bitlines 74, and data byte select lines
81, by means of the bank of pass devices 73.
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externally, ]ﬁres Olge?rgﬁégégggsgﬁus 55 or parallel 30 addr ess bus
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erase of together the control gates of eight consecutive varlable
20 threshold transistors 77, or one byte 81. A byte select
column line 85 and byte select transistor 83 are used to
address each byte 81 of memory cells such that by means
of the byte select column lines 85 and byte select
transistors 83, only one sense line segment 79 and
25 thereby only one byte 81 may be individually selected
during programming, reading or erasing.
Data space 37 of array 66 has an arrangement
'siﬁilar to that of the code space 35 with the exception
that data space 37 is designed to have a cycling rating
30 at least ten times larger than that of the code space 35.
In the present embodiment, data space 37 has a cycling
rating of a hundred thousand cycles while code space 35
has a cycling rating of one thousand cycles. To estab-
lish differing cyecling rating for selected memory cells -
35 throughout singular array 66, data space 37 is preferably
given one hundred percent redundancy while code space 35
is given minimal, or no redundancy. That is, each
storage cell 87A within data space 37 has a redundant
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signi ficant bl%%enlgqéé¥%é¥%§§T¥ g%n%giq%,t%E is typically because it
is no longer possible to pull electrons off its floatlng
20 gate, causing it to retain a permanent high threshold
level which prevents current from flowing through it. If
a cell becomes damaged and one can no longer optionally
remove charge off the floating gate, then one can no
longer alter the flow of current through the memory cell
25 and thus can no longer write new data into it. But in
the present case, if a memoxry cell 87A in PGE_A gets
stuck with a high threshold voltage, i.e. it no longer
‘conducts current, then its corresponding redundant cell
- 87B in PGE_B, which is not damaged, can continue to be
30 programmed, erased and read and thus no data is lost.

In the present sambodiment, memory array 66 is
divided into m rows of memory pages with n bytes in each
memory page. As stated earlier, code gpace 35 and data
space 37 are separated by appropriate selection of

35 address bits. In the present embodiment, wordlines WIL,0
through WL,m-1 correspond to code space 35. Pass device
bank 73 separates code space 35 from the data space 37,
which begins with wordline WL,m-1,, and continues through
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TOP" for elenments within data nenory space 37 and a .
of data space 37 and program fetches would be directed to
address 0-8K of code space 35. To avoid address con-
flicts, CPU 51 issues a DATA EN control signal indicating
that it wants to access data space 37.° This control
20 signal takes the place of the address bits which activate
rows. Wh,m-1,; to WL,m.
If it is desired that memory array 66 be
operatéd as an EEPROM, then the y address decoder will
gelect a specific byte select line 85 for a desired byte
25 address 81. But if the memory array is to be operated as
a flash, i.e. the entire array is to be erased simul-
taneocusly, then all byte select lines 85 in the entire
‘affay 66 are simultaneously selected regardless of the
addressed byte.
30 With reference to Fig. 4, an architectural
‘ block diagram of a first embodiment of data/code memory
67 in accord with the present invention is shown. Main
array 66 is again shown to consist of code space 35 and
data space 37 divided by pass device bank 73. Data/code
35 memory 67 supports writing to data space 37 while simul-
taneously reading from code space 35.
I/0 box 91 controls the flow of data into and
out of data/code wmemory 67 depending on whether data is
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20 the y-address 93y to a first y-decoder 96 and to a second
y-decoder 97. Both y-decoders 96 and 97 select the same
column lines identified by the y-address. X-~-decoder 95
places a logic 1 on a selected woxrd line as determined by
x~address 93x. The output of x-decoder 95 is supplied to

25 a switch bank 99 which responds to a .wordline having a
logic 1 by placing voltage Vm on it and grounding all
others. Voltage Vm during a read operation is set
't?pically close to Vee., Similarly, the first
y~-decoder 96 decodes the selected address and since

30 switch box 101 is tri-stated during a read operation, the
gelected bitlines are transferred through 2-to-1 MUX 109
to sense amps 111. Both code space 35 and data space 37
share the same sense amps 111 since the select wordline
can lie anywhere within array €6.

35 Second y-decoder 97 couples the selected colum
lines to transparent latch 103. Transparent latch 103 is
responsive to signal UPGM_B, which maintains a logic low
during simultaneous programming of data space 37 while



transi stors 83, only one sense li ne segnent 79 and 25 thereby only one

byte 81 may bavopmisseosiual |y sel ected during progranmm ng, PATEESI005Dr
er asi ng. Data space 37 of array 66 has an arrangenent
simlar to that of the code space 35 with the exception t hat data
space 37 is designed to have a cycling rating 30 at least ten tines

| arger than thate£diAder fOHCSRAGHAR and 35 ldhd MR iREEIGRt se7BediMeaGh
data space 37 has a cycl.ing ratj ng of a hundred thousand Cycles ™ while
code space 35 Otherwigeg, g&%lvw_t%tli% ighorfdath §adand sc pLewedTE e st ab-

l'i sh fli ffering %aé@ijmeépgrim%gh SRR é?flﬁ:rrqra)t&ﬁ|l!03,35nd ifr;f]th@GﬂgQUt

si ngul ar array ,- dat a_space is preferahly i v ne ,hyndr.e
percent redundaryt W ﬁé”%&o‘ér%‘b%% latc%'slog} \F@ﬁ%ﬂnﬁi%ng’ﬁ", Jﬁgc gt
redundancys Thainithe eaghrent caitarage atelihé htmuthiof detandpgcdedddeas a
;,‘é‘#gggg} 04559 27 VL 8L 5628 5present operation is,p single read Ppg¥g-
correspondi ng toié¢nsebignah WPEM (B dserdeteriindi -logic higbntnde &chnspad--i ne
89 in data spac 7 r J P _

r edundant mmr?%{lgie& Pé?P%?%H{%E{%%. he rr)\é)rrdtc)lE y%cg%géé?%%&l% PGE A
replicated 5 <degrdgrpT roreERWitRdddardntldfenodiksade tBE BreyLoHST

receives ihe sampsdl tddNesnh MAHE ronds hute Seleed dues 85kehl opera- S
primary nenory page PGE_A. In this manner, whenever, a menory cell 87A

in PGE A is reddtOPrf £ Rt ¢iaiser) any of Ghee Rddddnsse s Ben tis

&grfolrlmed on it;semit:: etsm@t_ @k%mcdfa-?iu‘lteidwdﬁ\tbé:&*da?w is][élnB@tEg&ps 1t11.
rmal |y, one can selectiyely put elec ns . nto a atin

device 77 to raise its th%l%%%%lﬂ“p 11i c{?gﬁré‘b?efnd"%lﬁ%e&é &8&%&36&%&@ or

optional ly pul Ibitline=®|acé rdwssidd dirrdrdtoatrichgiigate atre hower These

t hr eshol 5 d |lJ tate . ; S ts

the curr (ejjh% fl o%#ﬁﬁgﬁﬁgo?&%ééﬂe n%% Ilo%vgéﬁrrgolu&%\a% r?e#t? 3% %%c gﬁﬁgnd

t hereby identi fikat detepledrodgidentidfiidddgis @0.logic 1. The identified

logic signals are then transferred onto I/0 box %1 to be
driven out.
A single write operation without a concurrent
20 read operation likewise treats array 66 as one contiguous
memory space and the write operation may be performed
anywhere within data space 37 and code space 35. In this
case, read/write signal R/W alternates the function of
I/0 box 91 to receive input data and transfer it directly
25 to second y-decoder 97 and transfer it indirectly through
2-to-1 mux 107 onto first v-decoder 96. Address register
93 again receives the address of the byte to be pro-
-grammed and transfers the x-address 93x onto x-decoder
95. X-decoder 95 places an active high on the selected
30 word line and switch bank 99 transfers the appropriate
programming voltage from 2-to-1 mux 113 onto the selected
word line.
Y-address 93y is transferred onto both first
y-decoder 96 and second y-decoder 97. Since no concur-
35 rent read operation is taking place;"sighaijUPGM_B is
maintained high causing transparent latch 103 to again
couple the results of second y-decoder 97 to switch bank
105, Likewise, the results of the first y-decoder 96 are



When a nenory cell 87 fails, it is typically because it er
possibl e to pWQ 9%t rons of f its floating 20 gat e, causmg&i@&t olg

retain a permanent high threshold | e28+ which prevents current from
flowing through it. If a cell becones damaged and one can no | onger
optionally renove charge off the floating gate, then one can no

|onger alter theoupled ¢b ewiteht bahkolgh -t hFhrenobgthepwipsh bagka ifks can
no |onger writ nBEWBéEE%CbﬁQ% ithe 1§Eﬁt'aata ﬁndtbﬁaﬁégéﬁnitcéﬁéo thea

nmenory cel | 87 hreshol d vgl t age,

i.e. it no IongéﬂeCted_bé@dé@@ﬁs cowiERR, bﬁﬁ@nlpﬁngBFﬁﬁsﬁe%EFﬁﬁ Vgﬂundant

cel | 87Bf'r6r1P v\ehrt%@el eﬁeﬁsad@mfaged oﬁ@& eﬁat kBUectedbe 30
programed, erased, read and i h
the prese® enP3FLFEeE, AEEYIECaP a@% 991 P acea.VPaBaSFnYﬁ APFBwWE 8f

MENDry pages Wigghen éé\zrte%&:edwb%qhnes Vﬂi&lﬂiﬁg}é p¥NecomessEabadheghl i er,
code space 35 and data '

d
sel ection of 3%© ta&?dr@é’?%tlogf 1%I7 Wpﬁé’ %%Egﬁbgﬁfeﬁgﬁégg%géﬁenes
W([err]O ﬁdﬂﬁagﬁm thebrhﬁhtecapéeapdbm tndcoddtagac¥M36omPasErduyvi ce

bank 73 separa 35 f.rom th ta ﬁ%&a e.37 gi ns
wth wordline %E% Ni and™Eon %ngg thro 3 1§ high, 2- a% gQT@%ZOS
PCT/ US99/1@4559 113 becomes respon51ve to signal RJﬂQand transfergl fEer | m

Thus data space 3Ll W %u. ﬁ%F & @Ee%%ltage bgﬁe%ggb§siob'bﬁto
corresponding to mo m err hi'gher are sel %Cted But
as expl ai ned abggRaineh rn%ﬁﬁ@V 66 lSth&? @le§nbéﬁﬁﬁl§é€§§§§&yr tefnal |y

by CPU 51 or Sporrrl R arkl R RY o &h:ragans then both data space
37 and code space 35 need to_behave I|ke tmq.sep

nory spaces.
For exanple, in the presd sdsteRt, simu ta@ﬁ?&ssﬁﬁég §?dh§§l§§
storage lgrati Oper@itd e isfdiation 135 rleasl &onf cater apeckoast mmae | f

array 66 vere heing 10 80580080 98 NP ShalRa3%. thest he
operation begins by lnltlatlng'a write instruction to
data space 37 which begins the write sequence as ex-
plained above. However, if a write to data space 37 is
20 initiated while reading from code space 35, signal UPGM B
will go low to indicate a simultaneous read and write
operation and take control over 2-to-1 mux 113 so that
voltage VM is supplied from Vcc and voltage VM will not
receive the high programming voltage of UVM. If a read
25 to code space 35 is initiated while data space 37 is
still in the process of writing, then signal UPGM B will
again go low causing the data being output from the
'sécond y-decoder 97 to be latched by transparent latch
103 and maintained active at switch bank 105. Signal UVM
30 maintains the appropriate programming voltage applied to
switch bank 105. A logic low on signal UPGM_B also
causes 2-1 MUX 113 to transfer Vec onto signal Vm such
that switch bank 101 will not experience any high pro-
gramming voltages. Switch box 101, first y-decoders 96
35 and second y-decoder 97 then respond to the read opera-
tion in the typical manner explained above. The address
of the data to be read within code space 35 is placed
into address register 93 which transfers the appropriate



array 66 would be addressed sequentially wi th addresses .0- 8K '

cor r espondi nGv@8¥s@0% space 35 and addresses 8K+l to 1 ORET/US99/04559
corresponding tQ data space 37: But if nesgry array 66 were being
accessed internally by CPU 51, then inter- 15° nal MOVX conmands woul d be
directed to addresses 0 to 2K of data space 37 -and program fetches
woul d be directefddfess to Rdik®sde0-HK anfd oodaldmmse t36 y-Hecaders &ddr ess
con- f|ICt§ U 51 issues a DATAEN control signal indicating

that it wants ¥ ess data space 37. This control 20 signal takes the

pl ace of the address bltslummughamﬁe\nnuput from ciwsiectidesr IEmchpagEE t o
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the memory arigahs bf BEaRBELALSC Bfcn 1153 Mhasl) dwitoH hasnis e array
Is to be erase aneous then al byte sel ect I|nes 85 in
the entire wil}rpay B@VQrEW@|Wﬁ#¢ I%F%&N?xﬁ%ﬁ?%ﬁﬁﬂ%qy 3 & the

addressed bytegi B0t word line witMid d@ia@r@bﬁﬁa t37 R de‘hex&ki’irﬁ&w ectural
bl ock diagramof a first enbo | ment of _datal/ cod

Q7 in accord
with the presehFapfRRREPBNIAECR nbln. 253dhi%H Secongd’?‘?% ags §“§é’d‘|nn ﬁ’i%/m to
consi st o codgpspacss3hsafdterminedadbyd 6 pdeeoddr disyi deth lay siasidadevi ce

bank 73. Datal/code 35 7 por t|n t 37 while
si nul - t‘&ﬁ’@ﬁﬁ‘s’ryswgggg %a%oﬁﬁ Vﬁ“efipsé\% LAY B | / O box
91 control s theitlinesfadatiatemmbnedicdby firstour- dﬁcqﬁﬁnﬂﬁﬁxkhnﬁanﬂwAuyh

dependi ng on e a tﬁg:? 6205
PCT/ US99/ 0455\3‘8% L08%8ihPains an a1tbiddte - ff bitlines @ag o written

into or read fdehemminedrbgyteanspagenieskatch 103 egister 93 hol ds the
| ocationggf the byte bei Bgrady this &5k EWIAG, tde Gl N¥eiGERIAL T ON.

Addr ess reglster 93 1s divided into an x-address regqister 93xzpold|ng
t he two separate levels of voltages on two separate set
bitlines. To prevent any interference between the
programming of data space 37 and reading of code space
35, a logic low is placed at node 122 which deactivates
20 pass device bank 73. The selected byte within code space
35 therefore transfers its data through first y-decoder
96 and 2-to-1 MUX 109 onto sense amps 111, which reads
the selected byte and outputs the data onto I/O box S1.
In this manner, multiple read operations can be executed
25 from code space 35 while maintaining an active write
operation to data space 37.
Transparent latches 103 and 115 have a similar
‘sﬁfucture, each receiving a decoder input line from their
respective decoders 97 or 95 and each outputting a line
30 onto their respective switch banks 105 or 389. With
reference to Fig. 5, an example of a one-bit latch used
in transparent latches 115 and 103 is shown. As will be
understood, transparent latch banks 115 and 103 would
consist of a plurality of these one-bit latches, with a
35 latch corresponding to each line. An input line DEC_in
from each respective address decoder is supplied to the
input of inverter 132. The output of inverter 132 is
transferred through pass device 134 onto latch 136. As
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er % 1 f é selggﬁtthe
same col &t PPﬁééa;SEhPFFP§HSb§thé F+508-888- RXEd 888 Fros
pl aces a | ogi cpkcoAng @Qbeqheérw@mdlbsnehaa detdpmbnetdebythe sigradddress

93x. The outpu%ﬁth§ﬁgg %3&%& &aissz Ego o%g §§aFln§n§@n5ﬁgobgﬂg 99 whi ch

responds to a tagé Vmon it
and groundi ng akdtput linet.her<. thalbag@an&duelhgsaaréGQIGpéthFbﬁnls set

typically cl 0S¢ Yoo, SmLarky 1abG b Shiprain yriacodenydl gaeedes the

sel ected addre SWtc tri-s during a read
operation, thetial, bs#l édt sdrehionitiongs lare Hpgnsf drede thBu@HEQ-P69? MUX

109 L0 SERS§ 4 ia%%k lagt@qud%a§%%CQh%5v%Q@a§éténsﬁﬁéeoﬁzput
share the sanme _sens€ anps 111 since the select

dl
anywher e wit hi Ai@e ap 6 igs maximum vol ﬁM%§WHQEOHE¥ 9?6888898§ t he
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gate 133 of pass device 135 is maintained at a nominal
voltage close to Vec and thereby prevents its electrode
20 adjacent latch 136 from rising higher than Vece. If
signal UPGM B goes low, then pass device 134 is turned
off and whatever data was previously stored within latch
136 will be maintained latched and sustained as long as
signal UPGM_B remains low.
25 With reference to Fig. 6, the intermal struc-
ture of pass bank control 114 of Fig. 4 is shown. In
Fig. 6, signal UPGM B is coupled to pass device 124,
'wﬁich transmits the logic signal of UPGM B onto node 122.
As was stated earlier with reference to Fig. 4, node 122
30 controls whether pass device bank 73 isolates or couples
data space 37 and code space 35. If pass device bank 73
is to couple data space 37 to code space 35, then it must
receive a voltage on node 122 at least as high as the
highest voltage which is placed on the column lines of
35 data space 37 and code space 35. Therefore, high voltage
latch 126 can raise the voltage at node 122 to appro-
priate levels for controlling pass device bank 73 of Fig.
4, The control gate of pass device 124 is maintained at
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through transparent latch 103, and if UPGWB. is low, then transparent
| atch 103 responds by latching 5 in the current contents at the out put
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ent latch 103 freelyy transfer the outgut of oder_ 97 onto
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oper ati on nay @h@ﬁdoﬁ the apyEhgeelavehi afdaianapadeMa7 Bhdacode -
space 3510l n t'%'e%.dln opeRRiohead/ WhkifgSheRak, RéM\éﬁ' g@{;ﬂﬁie@vﬁhﬁliynctlon
of /0O box 91 to recei ve input data and transfer directly 25 to

second y- decod&RVE7 BaNPitRgRs Vel Ut ofndrFredifySenYohgnnode 122.¢104 Hix 107

onto first y-dacgdeagr% ohdeiase begiratebn 1s taﬁﬁnggplﬁcéeﬁﬁdv’@@at he
address of the.,hyte to, s ers_t dress

d
33 onto x- decBbr ine’ 18" g8 eireg. sa HaBE" S kit LREGREF. B2 grioftR e
sel ected 30 tm@mdshgmalammwsmahdhthanébggnbdansﬂérswihb aphewpse abe
programmiRg vo d 3 o] I l'ine.
Y—address%gSy %%ﬂggangggkﬁéégokpguéoté PQQE CEQEa§S gﬁ&@g%asged gsecond
y-decoder 97. Yiamke 730 ceensensgsr theepprreqt Upétageonro@ dakangp@¢ace -

Signal UPGVB i 37 to ciRicNsphued 18 0hngaystaovrgasParent banhlcdfidote again

couple the results of second y- deco er 97 to swtch
Li kewi se, the FE&W/MTise preratise jsdtakied g@ag@ethen s;gnal UPGM B

will have a logic low thereby causing the voltage at node

20 122 to be brought down to ground regardless of the value
of signal UVM. The grounding potential at node 122
deactivates pass device bank 73 and essentially isolates
data space 37 from code space 35.

With reference to Fig. 7 a partial layout of

25 pass device bank 73 coupling ome byte select line 85 and
one byte 81 of bit lines 74 from data space 37 to code
space 35 is shown. All elements previously described in
'Eigs. 3-6 are given similar reference characters and are
described above. As shown, node 122 from Fig. 6 is

30 applied to the control gates of all pass devices 128 in
pass device bank 73. When node 122 is low, all of the
pass devices 128 are turned off and pass device bank 73
effectively isolates data space 37 from code space 35.

_ When node 122 is high, it will transmit a voltage from

35 data space 37 to code space 35 and vice versa up to a
maximum voltage potential determined by node 122. For
example, if data bitline 74, has a potential of 17 volts,
then pass device 128 will require that node 122 also have
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and 105 receive the input data and transfekgt onto the sel ect ed
bitlines. Switch bank 105 places voltage UVM - from hi gh vol tage
generator 107 onto the selected 5 bitlines, and swtch bank 101 pl aces
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113. Since sigraltdR@EdER: imidliigle 72t oflcode &Pacelis. beRsnsBowrsppassve to
signal R/ 'Wand nsf er.s ane volta cQm f.rom high woltage
generator 107 éle{"a‘olée ebraly% gﬁ‘alal\ﬁﬂ sc'gra%f)egg ?:gnat %?gg%Fll\?gﬁ ?f‘%ﬂ‘] f%ﬁgousl y
from Bot h hiyhee taxd eartd lhiotetsor@5(f ofhdabar apace 37 to code byténsehectase
of simultaneou agﬁgg d ' 1 pgeatiQns; .l tion i's read from
code space 35 aﬁi e Eﬁﬂ og;?éaﬁségﬁﬁgl?gné%as?§c%?§€%%%'inpo data space 37.
Thi's operation begi ity teflatemdendca Rid -t 8 /i vdwer weudaredo voltaggat a
space 37 whi Ch RGEITNS 441 I ILALAURNEA 1B cmd byrdP@nBed AHOKe: for
However, if a wite to data space 37 Is 20 __i1nitiated while reading from
code space 35, VWS JHAFHE opexghiongo Widd fow ke fdeelessidhul Pddeous
re?fl and \}\g ite elenlxe_rﬂif][ﬁtnﬁiqena% gﬁit%lef@”ﬁ rs%:a ,0§a|e|ha2re§ Qielenmi&ei-ﬁ_ifi@ﬁ] hat
vol t age is supplied fromVcec and vol tage Wi no recei ve the

hi gh progr ammi fg <ol $Ye 357 qgﬁérqq0§iqhgﬁ%q§§rs ang éﬁﬁed§ﬁ§E§%§§ is
initiated whil eldatea SPAGRIEY d Yead opexation,n thize conteeds gaftewnift i ng,

t hen si gnal t he _dat a.bei ng ogh%ut

fromthe Upgggggﬁ%£i5H¥§%d%$g3%pﬁ%pﬁ%gﬁgg%%ién%yp%F sgarERes &
103 and nai nt aicfedamtt Ve 2t Bwi tagiplisck bi0SerSegddneUVH.30 Senwei Atiaiens t he
T onr e POt QN g A RO
si gnal Vm such transistor 83 and byte select line 85. Wordline 72
receives a voltage of about Vecc indicating that it is
selected and thereby activates becth byte select transis-
tor 83 and cell select tramnsistor 75. Floating gate
20 device 77 is read via select transistor 75 and bitline
74, which is coupled to sense amps 111 on Fig. 4 and
typically receives a nominal reading voltage of about 2
volts.
If floating gate transistor 77 has nc charge
25 stored in its floating gate, then it will have a low
threshold voltage Vth and will respond to the potential
at its control gate by conducting curremt through cell
"select transistor 75 and bitline 74. Sense amps 111 will
then interpret the flow of current as a logic 0. If, on
30 the other hand, floating gate transistor 77 does have
charge stored in its floating gate, then its Vth will be
higher than the read potential. Thus, when the read
potential is applied to its control, it will conduct no
current and sense amps 111 will interpret the lack of
35 current flow as a logic 1.
To alter the threshold voltage, and thexreby the
data stored in floating gate transistor 77, charge is
moved onto and out of its floating gate. To raise its
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pass device ba%ﬁo&%ln TQ%t%ekﬁﬁbﬁghbﬁpﬁdﬂéEﬂ'Buﬁﬁ@§1§§a€ﬁére%¥ réﬁkln
t herefore transfers | data t roug @aags decoder to 1
r

MUX 109 onto sé&fSe aﬁﬁa heid vektes abbve Vfe- seT%c¥%mPE®t%h%FﬁP
out puts the dab&fowifofllo@thay Gite transiptbhi 37pEbyRes, s@lbdt ol ens egnl

ggﬂ 32\' \(/)vralgt ganlgeber)é%%ﬂrtegown to ng-SH"nﬁ"%ﬁiiQa%Sr§511né' 92 n?:{.sr;]és? IL?EI) ntC’o an
17 volts thus strongly activating both byte select
transistor 83 and cell select tranmsistor 75. Sense line
79 thereby grounds the control gate of transistor 77.
Bitline 74 is raised to 17 volts while signal Vs is

20 allowed to float and typically rises up to 8 volts.
Charge is thexreby removed off its control gate through
Nordheim tunneling. This lowers its threshold wvoltage
much below Vcc and permits current to flow through it
during a read operation.

25 ' With reference to Fig. 9, a second embodiment
of memory 67 is shown. All elements in Fig. 9 similar to
those in Fig. 4 are given the same reference characters
‘and are described above. Fig. 9 differs from Fig. 4
mostly in that it uses a single y-decoder 96 in combina-

30 tion with a column latch bank 121 to control gimultaneous
reading of code space 35 while writing to data space 37.

In the absence of a concurrent read and write
operation, the second embodiment of Fig. 9 performs a
singular read operation or write operation in a mannex

35 similar to that disclosed in reference to Fig. 4. During
a singular read operation, signal R/W sets 2-to-1 mux 109
to couple the output of y-decoder 96 to sense amps 111.
The output of sense amps 111 are, in turn, coupled to I/O



operation to t@.% ace 37. Tr anspar ent latCh%§p%%%m$Q% 115
have a sinilafvO9/562055¢ r ycture, each receiving a decoder input T 15t

their respective decoders 97 or 95 aRli~each outputting a line 30
onto their respective switch banks 105 or 99. - Wth reference to Fig.
5, an exanple of a one-bit latch used in transparent |atches 115 and

103 is shown. Rexwi9l, maich outpuier sheodaterandpar addregechibshes 115 and
103 woul d cmﬁ‘i‘éﬁi@foﬁéfrﬁ%li@nuri%' 'f\%r%a &Bleﬁadegggb»ﬁtagh%s&?%,w&Eﬁa 35

| atch corresponding to €ac Ine. An input |ine rom eac
respective addtE&s Xtedsgess §3%psingd trgneferred toj gpdecederndsr ped 132.

The output of idneerti-iddhdsd 93y bein?r arshereedetintgughdpasgecdeysce %34
onto latch 136._ As WO 99/?6 05 . . .
PCT/ US99/ 4559 decoder 95 places a logic 1 on thesgelected wgﬁg%ﬁnepggg
device 134 is canttad esk Bp.si ghel apPBedpBiate rehBingowaltbBeMaBpilseli gh,
then the signal fggpkkﬁﬁgfter . d%%z WAR bg transfgr%ﬁd d'rectl¥ gnt o
| at ch 136. Latéﬁr * Forisi s eFﬁanpo ¥?§8gBF d'T'nvefterd 28 and
138. 5 The ogneoticofs iexampiler oE3&Fiigs #heswiltahsbexr 201t hsosgh &o high

second pass devwi o] he _output | L.nv e initially
I nverts the Io&#ﬁ%ﬁ%%%ﬁl&ﬁié%%SHgFBﬁhgﬁfggtlhﬂ %ééi%?ebﬁﬁlﬁégégter 138
t hen recilifr ocatdd limessiagalcoupled ddclectdyi £ sehsrpahmpsafld Lowfier 8-pbaci ng
it onto the 104 pQutjpt line. |If the output line has a logic |ow then
hi gh vol t age Iatgh 142 will maintain it at ground poten- tial, but if
the output line has a | o§UEimggR EABFUAREHPTOgTamy, gPeagEiray cHigRgInRY T

rai se the volt a@e0n AhecRbAUts receiken@atl tad hschaXi fus Yokt age of UVM

or UM depend! 1 L3 en ofh el LUl valtade | 5| SRpand Rsa o oo
on the ouBput lthee Hytemdr bel pgogataineti3fs Ehered in gdtieeds33rebipass
device 135 15 BB AL Al 12 BT sax peikd BEB1LCRE L2a¥EBaa000s
and the y-address 93Y being coupled to y-decoder 96. The
input data is transferred through switch box 101, through
code space 35, through pass device bank 73 and through
20 data space 37 to be finally stored in column latch bank
121. Multiple bytes of new data within a selected row
may be written into column latch bank 121 such that
column latch bank 121 can store up to one memory page of
new data before an erase and program sequence is initi-
25 ated. During this time, x-decoder 95 maintains the
selected wordline active via switch bank 99.
Since this is a singular program operation,
“signal UPGM B is maintain high and node 122 is maintained
high. The voltage on node 122 is sufficient to transfer
30 any high voltages between data space 37 and code space
35, as explained above. Once all the data to be written
has been stored in column latch 121, then the appropriate
erasing and programming voltage are applied to selected
bytes, as determined by column latch bank 121. In other
words, column latch bank 121 keeps track of which bytes
within a selected memory page are to receive new data and
which bytes are to be left alome. Only those bytes which

L
Ut



20 adj acent |atch 136 fromrising higher than Vcc. |If :
UPGM B goes | J¥Q 9¥B@85 pass device 134 is turned of f and WﬁHPQW@MS Bat a
was previously stored within latch 13%2wi || be maintained | atched and
sust ai ned as | ong as signal UPGM B remai ns | ow. 25 Wth
reference to Fig. -6, the internal struc- ture of pass bank control
114 of Fig. 4 isrshddenthifiied andFsghe&uledgnal réPEWS mew chas ethdexrgass
devi ce 124, n h |c signal of UPGM B onto node 122.
As was stated egnlgg?%%|%ﬁa é%é%%ﬁ%es |g. 4, node 122 30 controls
whet her pass devi ce bank E&ruaglatesncurcenplésad and wmdtﬁsqpﬂxatﬁxm&nd

code space 35. | n 3 S qnggﬁ §9§§£? lout O
code space 35, E%aﬁ%?%r@%& ggtgﬂ 51; resgogdéo on no e'?% eaQ% as
hi gh as thé by Ria§rédngyant hhe mrgﬁntézf'pﬁglfs@@t@ﬂa wordbremnd i nes of 35

data space 37 apgdic@denspy %C‘;%t?’ﬁ 11ber %anﬁtahéﬂﬂcéoﬁaﬁfa sw:.tcﬂaﬁérﬂc 126
can rai se the voltage at node Eg to appro- qa%late evel s for

control I'ing pas€ devN@énU§ﬁQe73xoﬂeFP§er 95 regpo eRnERe e R Nk s

device 124 is npeihai Bedeated within cMﬁb98§5§8055 for the current read
PCT/ US99/ 04559 about volts

by means of UVXBREFGLHPByenfiBiyabhli¥kwBrgs bank E??W%Jg b4 TR %é\ﬂ B by

hi gh vol t age | aU@GMlBGbe\Ahgcmow by bwihbihgabhskenode vid2 agend athues of UVM

when t he Iogic node 1 g | iLntain a
ground 5 poten ﬁvhﬁéﬁgfégs? ée £ evg?ﬁc %9 %%d éég¥%£¥%%&ééténg§héa.
Thus, when signdll EPoM Bode sphogi 85hi gHplumn latomlhgmkrgpxrmainnains

si mul t aneous re@ﬂéw%FP§oBE§3§%i8?§s@rﬁnd 8?0?% i ,?§§Eg§&rgbvoltage

val ue at node 122 si_gnal
UM If a 10 SeleglpAgbépéinesonh %éetamiﬁgsma%éstmrr%a@n@nrww||

have a vohkage %@hﬁ@hobo¥cQoﬁnﬂnaoymﬂéboaéﬂe9@220 Hetbgd famps 118, pProgram or
erase operation is taking Rlacgeag cofumn latch bank 121 simplifies the
overall architecture. A column voltage control circuit
123 responsive to a clear signal CLR and a chip write
signal CHPWRT generates two voltage outputs, BTLN_V for
20 application on bitlines and BYTSLCT V for application on
byte select lines. The voltage values of BTLN V and
BYTSLCT V are selected for proper erasing and program-
ming of data sSpace 37 and code space 35. When data is to
be stored into array 66 either during a singular program
25 opération or during a concurrent read/write operation,
all the new data up to an entire memory page is first
stored into column latch bank 121, Once all the intended
"new data has been written into column latch bank 121, it
then responds by transferring the data in its latch banks
30 into the appropriate memory page within either data space
71 or code space 69. Only those byte locations which
receive new data undergo an initial erase cycle.
With reference to Fig. 10, a partial block
diagram of column latch bank 121 for one byte of data is
35 shown. Each byte select line 85 has its respective byte
select latch 149 and each bitline 74 within one byte
likewise has a respective individual latch 140 through
147. Both the byte select latches 149 and bitline



bitline i.s required to have a high voltage of 17 volts, t hen si gnal

UM and ther ¥R9%83% 122, will Iikewise be 15 rai sed up tPGHUSBOFBI o
‘make certain that pass device bank #33ean transfer the correct

vol tage from data space 37 to code space 35, and vice versa. If a

si mul t aneous read/ wite operation is taking place then signal UPGM B
wi Il have a | odiatdhms tlHer-ddy7 crarsiive theesoldoadecdt sigheld) CLRL22.0ad be

brought down t%%ﬁﬂg%}%g%f%%i% tt%%e\@le'ie controlOtcgl‘?ei . %&;gWM The

groundi ng potentT’ ! actl vates pasSs device-bank 73 and
essential |y i s@wittathing of dwmildagesc @ngly timing sgqudpede £35. read

Wth reference 4,451 | al T'@élir&f' 2% -GE RARK 43
coupl i ng one b)#eds:e ec‘%’?ie%%% e?rﬁJ o one gft g@g:%%g%@\é]‘t% Iv?%esg% from

t
data spacé 37 tHEvedde are themame 33 thogorescibed sism Fefeaeneesty

described in pig, H 3o b FRIINERI Tdtdh neflereRedeshaeelioes and are
descri bed above, As shown, node 122 .from Fi % 6 is 30 applied to the
control gates rEHCTAEYUdAGRs WHgh garries fde ApPropTBate voLltafen

node 122 is | owhiadlH sHouli® be aprildes @oviCestb2&edbett Qined sof.f @idnpass
devi ce bank 73 ffectively isolates . data_space 37 _frqom_cqde space 35.
When node 122 iBsTlm-éﬁ,C%ﬁrW% It\{”[er MHOPI‘&E% Y zagFoﬁPQélcag’;Fat?pace 37
to code dmace Y tdnchesd CA & YRquiricd.a If newadamemivoktrdgeEepotienti any
determ ned by 122, For mle, if d Qi tli Lerr S a
potential of 1?’%%31%1,11@ Oiatﬁ%leer? ;e%?g&é?\/i é%lel%’%v% Il L‘Jre%g’ﬁ ;%el%{ %?J%node 122
al so have selecb\DaogiE8A05 will get a logic 1 stored in it. A

PCT/ US99/ 04559 10gic 1 within byte select latch 1‘4%9‘indicate§ R 1Bl kar
vol tage of 17 volts in order for data bitline 74T of data space 37 to

transfer its vASSRREHR tdfhamaseived newt datsdens therebys rerpptst thsde
space 35.15As shwpedidSfe byte fARViGE e GaRIPTOgaaNehens .t hgneet antial s

fromdata 5 jpyte select 1ines, 85 o)l S, 10395ha! Lueode bt
priate bitline latches 140-147 store the placed logic 1
or 0 in preparation for a later programming sequence. A
logic 1 in byte select latch 149 indicates that its
20 assoclated byte has been altered. Only those bytes
having a logic 1 on their byte select latch 149 undergo
an erase and program sequence. When the programming
sequence begins, those latches 140 through 147 which
stored a logic 1 then program the appropriate byte as
25 determined by the byte select line 85 and a selected word
line. Both the byte select latch 149 and bitline latches
140 through 147 have gimilar structure differing only in
‘the voltage level received, i.e. BTIN V or BYTSLCT V.
With reference to Fig. 11, the intermal struc-
30 ture of a latch for use as elther byte select latch 149
or bitline latches 140 through 147 is shown. As seen in
Fig. 11, whether the latch is used for byte select line
85 or bitline 74 will dictate which voltage value BTLN V
or BYTSLCT V is applied to transistor 159, otherwise all
35 control signals are the same. A column line 162, which
may be either a byte select line 85 or bitline 74, is
coupled to trangistor 159. The control gate of transis-
tor 158 is controlled by transistor 156 and by a latch



lines 85[err] of code space 35 and vice versa. W t'h '
reference to MW®99/3205 he required vol tage | evel s for bi tAGTS99/04559
wordl i nes and byte select |ines for ~warious circuit operations wll
now be disclosed. Al 10 elements simlar to those of Fig. 3 have been
I dentified with simlar reference characters and are descri bed
above. During as®:adviopet atddistidhed ayosd-galpdedl inverteklsoasBngngdat e

device 77 receiy, a ical_vc e | ue ... of -ahout 0.2* Vcc.applied
by sense line 79 Sen]ts%‘Pﬁ?l%rslnggaf@/m FSE e E P RRVFEGEPPRG v ol t age
via byte sel ectvoltagetfamsisignald3randunt elsd edten andogbic Woddl i ne 72
receivesavoltgg& t4 Vee  i.ndj.cal i t .ty is e and

t hereby activates ‘gttfha’grg%elo 'Cecl{ﬂhr g;hdsll'{gé_gtéﬁ'aie\}e]} olr% §§a§n8%cgl%ﬁt ge ect
transistor575. i@ty begkc 2ovw isewtgnts7 the degd ovileved| ést greand.st or
75 and bit1ine wpen rénsiLER 1% CURAAIS SRIRAMInbY B9 tEbfsis-and

typically receives a nom readi ng vol tage about 2

1f floating gat®C¥ rEdGi Q¥ oFhe LHASHRPINGURLES inveRtersd 153 prwl £Fdat i ng

gate, then it Wwhénhewe fpppriate ddlteefeolidvadl iFyei¥hrapeTailcl vespond

to the potenti al at 1ts control gate hy conducting current through
cel | sel etFLN.LENEF s?’c'ﬁ‘nsiée%ﬁﬁi (GEEN r?é’liﬂm gé'ﬁ’seeléﬁps 111 will

Lheg IP|t expret the flow Oin%tﬁéﬁﬁicftﬁ, & |d3:g.i1ﬁnrﬁ-lﬂﬁ‘eh 12 3011 ibheiather
and, oating.gate transistor 77 does hav ._+ Cchar.ge.stored.in its
floating gate, than IRREAHRGFHY %Ouné] p%edﬁé'a]t‘ha%lgﬂ&afgé’d BSt enti al .
Thus, when the owgeht of lgpotlertimlis sirapplaldds talsatrede byt meknsi bfw | |
conduct no . . QYIRS i Jal o (oY t of 35
current flow asSlaES : ojéle(gﬂ%awr&gl&?%&l sljt]:P\(%HeﬁsteeO;}t ?ﬁg t%%?fdeg%g}(%&\i%ol t age,
and t hereby thethe outpiyt pEtbreartier fiGating gaiaultaneonsdy rRrndnarge is

moved ontgs and Ofit ©fahdSsfdPa 3N HRlGTHE MY Wik line 162 £HEMOIhat295

PCT/ US99/ 04559 . ) - 30-

appropriate power voltage input BTLN V or BYTSLCT V.

When the output of inverter 153 has been grounded, signal

CLR is returned low thus turning off ‘transistor 155 and

allowing latch 155 to maintain ground potential applied

20 to the control gate of transistor 159. The column latch
thus initially has a stored logic 0 and is isolated from
the bitline by wvirtue of transistor 159 being off.

If data is to be written into the latch, column

line 162 will receive either a logic high or a logic low

25 depending on whether a 1 or a 0 is to be written. Once a
desired logic level has been placed in column line 162,
signal Load Latch is actuated high causing transistor 157
'té transfer the data from column line 162 onto the input
of latch 155. If column line 162 has a logic low, then

30 inverter 151 will respond by forcing inverter 153 to
maintain a logic low on transistor 159 and thus keep it
turned off. After a byte has been erased and the pro-
gramming sequence begins, column line 162 will be essen-
tially isolated from any programming voltages at drain

35 - 158 of transgistor 159 the bit will retain its logic level
unchanged. But if column line 162 has a logic high, then
transistor 157 will transfer the logic high onto the
input of inverter 151 and latch in the logic 1 at the



threshol d. | evel, byte select line 85 is raised up to a vol t age
of UVM set toWOBYyH26%ml val ue of. 17 volts. Thi s requi resP {599/045

wordline 72 likew se be raised to 17 -3walts in order to permt byte
select transistor 83 to 5 transfer the 17 volts frombyte select |ine
85 onto byte segnent line 79 and onto the control gate of floating

gate transi Storoxﬂipumwﬂﬁﬁdé& Jg;;pundi mg;é;id\em_z;m iat the oudgutt @f0 volts
and so is bitline 74. the drain and urce of rotln ate

transi stor 77 & erF RO <-*}‘tﬁ:‘t“:'é‘:c?/’ifh|J'I*':’eg Cs COBRLS0I°S et to
17 volts. Thislé2 to itaisgpropmxiact rval fdagd demulch BTN Y e:lzectrons onto

its . fl oat t .t

113 threshol o VTR X RO NP B4 SR EGLeRES 2 i,

floating gate tpmmmmg?br tgnaa:.srg gquanme 8*@91513, dirailr ABFhwiddwn to
d whil I

groun e yt 3 Se\{t?e d;?p%;}&%tértfaén Jolta rg]es % ‘i%hswl‘i'ig th turn

activating bot h sel ect transi stor

75. Sense |ine be tramfaermadhpe gdumgs hine déod raéld @éﬁé‘e@ﬁf toalsi st or 77.
Bitline 74 is rglpestd® gt ‘(ﬂ.ﬁlﬁﬂ"@ I gﬂalme\éfofys a2%ay 63l owed thq of | Oat

and typically rises up to 8. volts. Charge i S thereb removed off its
control gate tHPRRRAF. the drHEMmat MR %6y oMoy P@@é’r§a|'nt e Fi&skol d

voltage 10 m&&aé&lﬁﬁa/%mﬂl perdad Soa(iﬂ{ rzmt e |t @fz@g&&mfed at

during a read qperation. reference to. second
embodi ment DB hdiit 9 (MBI AT A 66 47 & Sirala 1o
those in Fig. A4vmite giymﬂnathe sane reference characters and are

descri bed above. Fig. %fft‘i{s f @ﬂzitghe ram lo\é i 0. it uses a
16 °19‘n “{cI?’l

singl e y-decoder 96 in conbina- oFum IFAEEh bank 121 to
control sinultansnse, a reqcemﬂ:yngseﬁuarm ispded t3a Ml Ite weimavieg any” dat a

space 37.4 NEA fin A GRICUE @M 83 130 ML €

stray volta éi
operatlon t he second e rrent 0 Flg 9 performs a si ngul ar read
operation or wi¥te direreat élrmeﬁs a MEfhdgedyery Sagueace Plawas & 3a@98€ed in

reference to Fifigit.on Qﬂg‘rﬁﬁ RECVR kaﬁd]glél@dlvr&@é Qﬂﬁ&ﬁtﬂs@@r 3iggnahaR W
sets 2-to-1 nux 109 c]ggf?lse t he O%Qﬁa;rgtf deco er 96 to ense
anps 111. ISt Vi@ 1510
pulled hlgh thus actlvatlng transistor 156 and latchn.ng
20 in a logic low at the output of inverter 153. This
causes latch 155 to maintain a logic low at the controel
gate of transistor 159 and thereby isolate column line
162 from the voltage level at its drain 158. The latch
is then ready to receive new data.
25 '
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-31- Wex9ms62050hi ch out puts the data. The address of tHUJTfUS99f04559
current operation is stored in address regigter 937 Wth
x-address 93X being transferred to x- decoder 95 and T ss 93Y
being transferred to y-decoder 96. X- 5 decoder Eﬂ!} @Q‘ﬁ 1 on
the selected wordline via switch bex 9%s The appropr

vol t age applied by switch box 99 is detern1ned by signal VM As in

t he previ ous exanple of Fig. 4, switch box 101 is set to high

i npedance duri ny. a Aeatcopesat oI & bdnpriselected 10 bitlines are
coupled directly to sense_a 1 mux 109.

s_1 -1 0- .
During a singul ar progran‘?‘o‘g&%’fc?]%rﬁl%rf HEWGTRTCTF  sets I/O box 91 to
receive dasa and 2-to-1 nmxgézﬁ)aral purpzmmlaa&ttﬁmammpdlogﬂat artie ,y & oder

96. The address yi e e pro r gmTe( I.s.stored in address
regi ster %uPiLg?ht? %(g %’%OP r%e L?ﬁ:logd to x-decoder 95

and the y- address 93Y belﬁgr&:blmtajmai yia:t@cmwr% refponsive tionpatiddat a

is transferred through #%%gjapc'lc t ?_11: d 5 rough
pass device bank 73 andéq,# daf'?%aIO paVl ?gt %%% %%ﬁgfele% s’statg)'?ed I n
col uim | atch bafkU and sapd f%lﬁ@lkﬂ%?#ﬁﬁka B2 MEMdAtia within a sel ected

-+

row 16my be witten thé'é.le %y%&@és%gbaéa&ek%ﬂaﬁl&‘a&at |?r@mo col um
| atch bank 121 can store ug one nenor éaa e new ata bef ore an
erase and progrSRTRYEERRE %S%ﬁtqqntz@ lﬁq?& IVFEATP T hiSE1G e,

X- decoder 95 maemterNsl thi€nory bee) estdndll Ald R@ iR hiiveodoatswinel ;bank
Rl g L
vol tage on nodeAli22amd mimglarﬁlﬂsj: tacartsfadr 180G, sandyAlIJUgbe\mlgt ages
the data T6 bo s Tiens £of FebBitfiely merPind B Tl ISYEL RIE° Re
appropri ate to rEkrefy %@@%rlﬁj\f@mﬁ% Beolg @@@Qiltde E S el é@vﬁé:sel ect ed
a first address register responsive to an
external data memory access command, MOVX, and not
responsive to an internal memory access command; and
20 routing means for applying the contents of said
first address register to sald means for accessing
external data memory in response to said MOVX command in
combination with said first control bit being at said
first logic level, said routing means being further
25 effecting for applying the contents of said first address
register to said internal data memofy in response to said
MOVX in combination with said first control bit being at
.said second logic level.

30
2. The microcontroller of c¢laim 1 further having a
second internal data memory and a second address register
coupled to said ALU, =aid second address register being
responsive to said internal memory access command and not’
35 responsive to said MOVX command, said second address’

register being effective for addressing said second
internal data wemory in response to said internal data
memory access command, sald second address register



bytes, as determ ned by Ttotummatch bank 121. In other 35 words, col
| at ch bank 12YVQ<%"é‘5(§§°5tr within a sel ect &M@ﬁ‘@ﬁ?
page are to receive new 1%”]%'m“'l'"mrc—m'byt es are to be left alone.
Only those bytes which =

PCT/ US99/ 04559 - 32- are identified
and schedul ed thaview®inve aevesmtto waiet guirst intarn@rlas?atanme;nmxg?r,amaiyhl e.

During a concur Ahch n 115
responds to si gfnﬁg%ﬁ% 0|\r/1&g ow EI%I B&Ina% nf? ng | %h%grv%uitr&e%tﬁciﬁ

sel ect ed wor dl i Heterrpl “data MEMALY FIRpSs cmsnar@d to data space 37 via
swi tch bank 99. Meanwhi |l e, x-decoder 95 responds to the.-new wordline
bei ng sel ect ed within code space 35 for the current read operation.
Simlarly,>pass bank control 114 responds to 10 UPGVB bei ng | ow by

bringing | ow nogle 12ghe afitcitditntrollereftd i N0 WiRTR i8e WaER FaRet/3 and
I sol ati ng data 37 from code. space 35. Col | atch hank 121

S
mai nt ai ns &ﬂ’ée%%ﬁ?ﬂﬁﬁ%ﬁre 6 A P JRHRN SECHT Y
sel ected bitlines ah)jd=es ofﬁ&ﬁoxspanczﬁ:aﬁdr& rfadl ddirdbugitold adiwWdaseh box 101
and y-decoder J? to sense anp \]/b The use of c% | at ch
bank 121 sinpli LS5 1S o T I"Tegil‘sc%eﬁ &‘Pﬁragceﬁs&@lguﬁﬁ? V&l a“g?
control clidcuitdata mer@By rlaxpdnisings to a clear signal CLR and a chip wite
si gnal CHPWRT generates two voltage outputs, BTIN V for 20 application on

bitlines and BYTSLCT V for application on byte select lines. The

vol t age val ues of BTLNV and BYTSLCTV are sel ected for proper erasing
and program 4, mﬂge%&@s@oﬁwq& sndcode 18%%%&1 s\él&@ ais to
be stored into array 66 either during a smgulanéfrogram . p ratlon or
during a concur‘fr‘g?‘ﬂq%d%’%ﬂ%i’{ee%dé?%‘% & “secong} |ICOIEHe adgl to an

entire Mermry pROest Scdntsdl bit salleytadrdiit Qil%ldﬁmgl &Te%liﬂ l&aia:léslel Once

all the int endednstruct:{]c?ns ag aorpeaso Gal 1r::*.e’\cn :.Inr’g:te%ncal Lcli'rrrt".al %[e(r:n%r?rank

121, it
and said means for acressing external data memory, said
second control bit selectively directing program access
instructions to one of said first internal data memory

20 and said means for accessing external data memory,

whereby said first control bit can direct read
instructions to one of internal and external data
memories while said second control bit can simultaneously
direct program instructions to the other one of said

25 internal and external data memories.

'5; The microcontroller of claims 1 wherein said special
function register further has at least two timer control

30 bits for selecting one of multiple distinct watchdog
timer settings, each of said watchdog timer settings
being effective for establishing a maximum non-activity
time period during which if said microcontroller is
inactive then said microcontroller will undergo a reset

35 routine to bring all ALU registers to predetermined
values.



t hen responds by transferringthe—data—+n its latch banks 30 . into the
appropri ate mIYRDIYSERRge \getali b a space’ 71 or FETUYHAES 69.
only those byte Iocatiorﬁl’ Ugﬂljml i!" &ei;a,\ge new data undergo an initial

* ¢

erase cycle. e to Fig. 10 a partial block
di agram of colum | atch bank 121 for one byte of data is 35 shown. Each

byte select |ing. 85 T micrs@srmaililer ff eelain SSelheckinakeidl4peatddleach
bitline 74 withj ne byte . likew se .has a.respective_ individual |atch
10 through  EndTe fataken i lis A LBLE E TRl 7eBtn b

WO 99/ 56205 effective for restarting sald maximnP@TNOB98LB4558y tiwme

| at ches 140- 147 ' t LoRal4 " Latch, and..
RECVR whi ch tog%%ﬁfe(%k ﬁ%%%%%%?p%%&etf ﬁ-lequvlét? (%ﬁﬁlsﬁ:g%gg: e\%I t ages and

timng required for read program and erase operations. The
appropriate voltage 5 | evel s are the same as those described with
reference to Fig. 8 above. Byte select |atch 149 further receives a
BYTSLCT V vol t aje whiksh kgrocantrid igmpcdhrdlaissy di vhgeein saighi ch shoul d

be applied to anfytsesetstldt idherSiidtaludes a AN Magar bogatkhe
appropriate voltage a Ilcableﬁktll}r(%{ bitlines 74 as required. |If new
I

data is wittenrFTRFPENE to sa ML & AT PRFMPPIERE byte' s
Irespect i VIO Eyt erbespons:'l&fé ezfcf 41 IMIIA9 aadild ﬂ;&tstﬁ ardgisechngt aned in it. A
ogic 1 within byte select.latch 149 indicates that. its .. respectivye
byte received n%év%“na £y %%Q%e§%§%1§e9$o§ trnegple'g%lvreégpggfoﬁggb?t glﬁc# an
erase and programd cyetend ddien aldress laggitdobh diod gilckl aicsepisaced on a
pLtiine 74 the apiideo, saig PLAKE N4 'ddARIERSS pLI0LEE sLOLRA Ne placed

logic 1 or O In preparation for \t er _progranm ng sequence.
logic 1 in byteSWRsentiakleh siag lanifomatsanpdid it aspgaid 43z66i addaengt e
has been a4 t er eghgi gy éﬂ@%@aﬂ}ﬁgeﬁ:heir cidmte Qi vE19M abhelikabybe
sel ect |atch 149 undFergo. . an erase _and tprogram se%gence. en the
pr ogr anmi ng one of gaid first internal data memory a said means for
accessing external data memory by means of said MOVX
command in combination with said first control bit,
whereby the number of addressable data locations by said

20 data pointers is effectively doubled.

8. The microcontroller of claim 1 wherein said first
internal data memory constitutes data memory store within

25 a single wmemory module, said single memory module further
comprising a code memory store for storing executable
instructions, said data memory store and said code memory
'sﬁore sharing a common set of sense amps, a common set of
input/output drivers and a common set of bit lines, said

30 common set of bitlines selectively coupling said data
memory store to said code memory store;

said single memory module further having a bank

of pass devices for selectively isolating said data
memory store from said code memory store, said code

35 mamory store being continuously coupled to said single
set of gense amps and to said single set of inmput/output
drivers, said bank of pass devices selectively coupling
said data memory store through said code memory store to



sequence begl t%%%oﬂ—at‘c’rres—m—ﬁmgh 147 whi ch stoyﬁ.gugggloggigc 1

t hen program t p determ ned by the b
line 85 and a sel ected th‘[m “lﬂ |IB BIP -t he byte select latch 149 and
bitline |atches 140 # hetough ®44 have sim lar structure differing only

in the voltage |level received, i.e. BTLNV or BYTSLCT V.
Wth reference Saidrigingle sdfe afsanss asmauand@aid singlsr seq &fch for

use as either byts,S utl H2Ghyeb4d or bitline |atches 140 through 147
is showmn. As seer%'ﬁllriﬁiﬁﬁs Fig. 11, whether the latch is used for byte

select line 85 or b|t||ne 74 will dictate which voltage val ue BTLN_V
or BYTSLCTV is applied to transistor 159, otherMAse al | control

signals are the sane A colum [i 162, ei,ther a byte
select 11t o5 br brihe melGptiherolien sir Wik 5 %@?ﬁeﬁo‘fmy&@ S Phe
control gate ofpdwenSspply Ved Gindled hmmmwwgee@ememutmm@ sieains] Forand

IE)’)C/:'I'?JSSE?;:B 4559 generayt\g.r?gg /a5 t?1_32::(235<_:p:~arn/ erase voltage @tﬁ_ least twif§5 asmﬁiak'x

consi sts of cross-soublezt, eed et sy sectorlbeing weattiensukdy and

151 receive th when
alogic 1lis Qkﬁuf%%f qugﬁﬁykpég}emﬁgk%ﬁggﬁ{%ggkﬁhggl%?ggngggb and
5 when Xthe | oifi 3w d@mﬁq)melqmwégﬁ @qt@lmng sagidogedle memorwhen
transi stor 159 t I, I e
oA LM UES ABIETIHEE thebrly @wr% to said ¥ighP&dAlk g

two cross-coupled inverters 153 and 151, then the appropriate voltage
| evel of eithelSSRNERRNERIy RFans BTLN V is transferred onto colum Iine
162. 10 In operation, a colum line 162 will initially

have approxi mately ground potential. Simlarly the out put of latch
155 is initially cleared by neans of signal CLR which activates
transi st @s 156 land Jrreumdiccrocontddid eautgfutclefin By edieer itb Jadki loede

T2 trom the * Hepkdike nall o S0 Bhortat B drAR67 AT el
and said data memory store has a gsecond program and erase
cycling rating, said second program and erase cycling
rating being at least 10 times higher than said first

20 program and erase cycling rating.

11. The microcontroller of claim 10 wherein said first
program and erases cycling rating is at most 1,000 and

25 saild second program and erase cycling rating is at least
106,000.

-

12. The microcontroller of claim 10 wherein said data
30 memory store has 100% redundancy and saild program data
gstore has no redundancy.



When the output of inverter 153 has—been—grounded, signal CLRis -
returned | ow WBW8/56205 ni n 155 and . al | owi R§TIUAPH4455055
to mai ntain ground potenﬁlm“m;l!ﬂﬁﬂﬂﬁal -480 the control gate of

transi stor 159. The col umm 4 atc hus initially has a stored logic O

and is isolated from the bitline by virtue of transistor 159 being

of f. 13. Thef mdakacbatielbervbEt edainng onlidieeimt£did COingMe

line 162 will receive ei.t a l.ogi.c high or a Io i< | ow 5 dependi ng on
whet her a 1 or "§W6Ys™Pgu E nggﬁgeséc@e‘ﬁmy a %%?r gt *T evel has
been pl aced i naddrese foreidéAtifying aigoatlinadathdta y-sada:i:rtemet effbhi gh

causi ng tranSiih%bt%2?3ﬁ91§5?ggF%£2§?L%%t#gﬁedata fromcolum line 162 onto

t he i nput I'ne’ 162 has a logic low, then 30
inverter 351 will respongaby yorndiingsiénbeingrcagsled to a fimdtntain a logic

| ow on transisggﬁoaé% ﬁBQ Egﬁécggﬁﬁnétarse of“ﬁff?&ﬁgé aé“ éﬁefﬁfﬁgﬁ’has

been -erased an uence begl ns, I ne 162
will be essen-by Saldt Vaadglriegmas@adf soheahed pereiRaed rkgwur@%ﬁgé%enétg drain

35 158 of tr@gﬁbsggrthgaggecgag ﬁéhbr?eg@bgetts | ogi c | evel
unchanged. But if colum |ine has a | C hlgh t hen t ransi st or

157 will transfer the Ioﬁﬁédhﬁgﬁdéﬁ?§stﬂ%u led t?rﬁﬁuxtﬁe??ﬂﬁﬁt%9r15l and

latch iniphe | ggilectialy BhRordline asW:081h6268 by said x-address,
PCT/ US99/ 04559 d cod out.put_ of
i nverter 153. KOF83tEeRi GRTLESPRBAGAE PGS §R1d co el‘?\%‘?%rsﬁ%? USES

transi st or 159cbuptedpliéreotiipntbi aaid code l6@mboy i dtsorg proprvatdl \rcdd age

| evel , BTLN_V 8brres onﬁﬂéLEZ—Xai‘& %Q@adﬁ\%%r%5§t%%t5@#}fé Sé&{pljels@ to yhen a

5  programming o erasrngosequence Bagrns recel ve
the appropri at 8ai6l faa mewery ahprh Whrough awr¥-transpawent akaftatsed to

colum |i8e 16223ad:! BehgBYatent latch BELAG!EAEOLLi LD SefWderplyyremory

array 66. In this the data for_an entire nenor age can be
first 10 | oABEGRATOCES| AFLrabERCRARR 25) VY- YR G

data memory store.

20 14. The microcontroller of claim 13 wherein said data
memory store is separated from said code memory store in
addressable space by a predetermined address bit in said
x~address, whereby said data memory store is selected if
saild predetermined address bit is set;

25 e said microcontroller further having a data
space access control line coupled to said single memory
module for selecting said data memory store while said
'prédetermined address bit is not set, said data space
access control line and said predetermined address bit

30 being logically combined to select said data memory store
when' either of said predetermined address bit and said
data space access control line is set.

35



the sanme tinme i.nto a 66 in a single wite cycle.
At the end of WMh®/5620gr quence, a recUyEP§e9/04559
sequence is initiated tamﬂql a[l@igur -gtray voltages off the colum
lines, either bitlines ect lines. The recovery sequence

pl aces a logic hi gh on S|gnal RECVR whi ch activates transistor 161
and gr ounds cahemmﬂdmoh@%omém bdr kpaisi gBaWthBJ.thah.ﬁosz.ngle

pull ed high th ctiv t |stor 5 n a | ogi c

| ow at the out%%?% #'ﬁ?ﬂgﬁ% er +ﬁFéu%e% g %8383§2I5§891¥5 cFo ftai nt ai n
a logic | ow atnﬁh@ﬁc&@&r@electlveggtgenbratamsisthnghS?oéhdgéhHWébygnamlate
columm |ine fr he val:tage _l | at i rai T h

is then ready £ ré%%ﬁvégﬁg% %st§;§§5§s %%%,.Q sﬁk@&é/%G@Ségﬁer QSubﬁEﬁ
PCT/ US99/ ®4559to receive said y-address, and a cogeurrent read/write

G ai ns 3neAf@hP59&Qﬂh%QEE§rsﬁ%ﬂﬁ%bﬁb@&s ertln? Lo, sald 8atgntrol
si gnal gener at or eneral_ purpose arithmetic IC unit,
ALU, COUPERP T, SEAITE @@ﬁﬂﬁbﬁe§ﬁgﬁalfg@ﬁeﬁéﬂérCOde memory s ore;first

internal data menory respRNRsi W bQiﬁéﬂdbelng ceopteal 8 gaak gepsnat r for
provi di ng data bet en sai d said first_internal data nmenory,

10 §P-a56@§§ﬁﬁ§réﬁﬁeﬁﬁ&§ &Yt $imBadr grte 2 byEepBhsive to

sai d contupol shgrdlingenersaidetersmandd by sa&&l@ﬁaaﬂrgeﬁpry bei ng external to
said mcrocontroller; |ster

B9° FeRabEobt By, 9
responsi ve to said AR RdTRAG R §m8 | FOAULSnEPEFEF B2XAPE RLU bei ng
15 ef f ect i verboting ackineelcpupdetl ho sacéxﬁersaldoHCCOBnﬂlsald HV

signal, said routing means selectively transferring one
of said Vcc and said BV signal to said first y-décoder in

15 response to said concurrent read/write line, said
concurrent read/write line further being coupled to
control said bank of pass devices to selectively isolate
gaid data memory store from said code memory store.

20
16. The microcontroller of claim 15, wherein said
internal memory further includes a y-transparent latch
having its inputs coupled to the ocutput of said second y-
decoder and having its output selectively coupled to said

25 data memory store, said y-transparent latch being
effective for latching the logic state output from said
second y-decoder and transferring said HV signal onto
‘ssiected bitlines within said data memory store in
response to said concurrent read/write line.

30

17. The microcontroller of claim 13 wherein said single
memory module further includes a voltage supply Vecc, a
means for selectively generating a high voltage HV signal
35 at least twice as high as Vee, a column latch bank
coupled to receive all column lines running through said
data memory store and said code memory store, and a
concurrent read/write line for instigating simultaneous



to a first logic |evel gic level; « a first
addr ess regi SWOIwIBIPBONS| t external data nenory RETEE04559
command, MOVX, and not jmﬁmﬂﬁiﬁ,ﬂﬂﬂw IJIQ4§I1 internal menory access
command; and 20 £ ¢ s for applying the contents of said
first address register to said neans for accessing external data
NeNDry in respeRsa f:@y sa G NAARMbHN store weQNBI PBLHYRGWEYBrS8hEd
first control bit belng at said first logic |evel, salg routi ng nmeans
being further ZPde ‘Eﬁ“ﬁ%@flsﬁdxfeor appl ying the contents of said first

addr ess regi ster tassfial ddIningl Nalt datbanke MR ngnar €apeAsagt feafisd
MOVX i n conblnatloriv&t said first ¢ ntro con
E? ea

I
| ogi ¢ | evel . ec%ug}no aq%eref%'ecgggfemf?rf ﬁFPFéPthsf‘:’ng a
second i nt&r nall@gica stexior ofardhial smimmh ddaregss regl ster coupled to

said ALU, said second ad S 8spgn d
internal nenory access cgé’rr éné'f\g d‘%‘]‘%tl g% r}’%r cou nS| vggt %g\gg 58%
comcirand, sgl d skafor hank by tranafegisng S@@dngvesﬂeuaitventgr seddrbtedi ng
sai d secon r R S S n

coldie Meé’aésacdc)gzc?%&r 4 TRSRARS G ob9cSatdeh E@Egglg 05

nmenory access conmand,” said se ress-registe
PCT/ US99/ 04559 €ach of saif)ilafdeng &esdistio said first internal data

nmenory, sgd first éﬂt@rd&icxﬂ%@qt”&'&&?m*tﬁglﬁﬁg FaspaBS Beihg said
i nternal data marmr])ée ccess comman m crocontroll er of
clai m 2 wher ei FEHFS iFcontrol a?@dﬁe??nrke@fstp&ss geéﬁ’rcfé bPt register for

accessing up selectively isolate said data memory store from said code
memory store.

15
18. The microcontroller of claim 17 wherein said data
memory store and code memory store include columns of
bitlines and columns of byte select lines;

said single memory module further having a

20 column voltage control means for generating a first
voltage output signal and a second voltage output signal,
said first voltage output signal being selectively
coupled to said columns of bitlines as determined by said
column latch bank and said second voltage output signal

25 being selectively coupled to said colummns of byte select
lines as determined by said column latch bank, said first
and second voltage output signals being responsive to a
—CﬁPWRT line used to indicate when a program sequence is
active.

30

13. A microcontroller comprising:
a Eontrol signal generator;
a general purpose arithmetic logic unit, ALU,
35 coupled to said control signal generator;
internal data memory responsive to said control
gsignal generator for providing data between said ALU and
said internal memory;



to 65,536 nenory | oca d address regii&ﬁﬁgkgmgg9

8-bit regist eWO856HEcess] i 0 data menory | ocat
4, The m crocontroll eamﬂ@ﬂlﬁl“ H ea3sai d speci al function
U

regi ster includes a sec + said 15 first control bit
selectively directing read access instructions to one of said first
i nternal data nmenory a famgtsaddresangebistarciori agcessidngaraddt a

menory, said . 0 0 Lt 35 ' br g 4ngrBr ogh R access
i nstructions t&ngﬁ%%%ﬁ Q%F 3%@§%YP?P3r%%%5§§¥§bﬁe§%r§$%g JELJgan. gaid nmeans
for accessing &imstnadddess megdsyger havinghapeBfdzgapgingr sePashEY0l bit

can direct read;.;yer B3N UG Q95! 0G0 1hikennal dapd Axkerpal sdaga
nmenories while said second control bit can sinultaneousl direc

program i Bst r udriteraado daka @PW@KYbﬁ@Céﬂd§§Bda2§1r5tiHF€¥n§PdaﬁdS€§P§ na
data menmories. part, saidfirsth@aFrChacanlyl @l kezeOhot! gir@RtérwiRRal Bheai d
speci al thction regi ster further has at |.east tmn.t%ner cgntrol 30
bits for sel ecAdsFesRdnst namos pfe s@is frcstwatdngsg register s8RtFngs,
each of sai d WalethERU darehasSdllyg R0Ssize notbliesg ehbhectheeatidresstabl i shing
a maxi mum non-activit , i perj od during,which_Lf

m crocont rol | er&F¥€ o S%HﬁaéEFgE efgigeﬁﬁ%FgganF% Ig?E%Flﬁdgﬁgg?go a
reset 3510 routegistenr haivigicaldechisd vadiystter satid Sigdst prrtned

val ues. WO 99/ 562 .
PCT/ US99/ 04559 Wedhs fog accessing expernal data memory . im

5 wherein sai d rgmpoirsive to sadnktdomtnodgisdgealfiurt her includes a timer
reset bit a special function register responsive to said
ALU and having a first control bit, said ALU being
15 effective for selectively setting said first control bit
to a first logic level and to a second logic level;

a second address register coupled to said means
for accessing external data memory and effective for
addresging external data memory in response to an

20 external data memory access command, MOVX; and

routing means responsive to said first control
bit of said special function register and effecting for
selectively redirecting the contents of said second
address register from said means for accessing external

25 data memory to said second part of said internal data
memory during said MOVX command.

-

20. The microcontroller of claim 19 wherein said first
30 address register is an 8-bit register for accessing up to

256 data memory locations and said second address

register is an 16 bit register for accessing up to 65,536

memory locations;

35



effective for restarting sard maxrnmumrnon-activity tinme . period before
sai d reset roMO %6205 i NSgwigfiAiel Saxi . 7. The m cr ocontPCAIYSEP/045$9
clains 1 wherein said r”mmmlﬁmﬂmulmle,g;;iurther includes a first data
poi nt er responsi ve s oc¢sat aWd a second data pointer 10

responsive to said ALU, said first and second data poi nters being

effective for pespechieveliyrobontrglieti 68t claim 18NMh&eLEONdsabd aspelcii £35S
| ocation for qui ck, access

, theieéoL sai d fi%st nd %gond~daI$

poi nters havi ngURCt100s FRGESLEL ARG LURRP) &r SPERRE | TR ¥?§ E 5 FH i r st
address 15 r €dirsicecottdolavingsthecticehiyedi seseingt toad yaappssed to
one of said first  inter.nal data_nmenpr d,_saj an [ 2 i ng
external data %@ﬁ&FFC§¢°ﬁﬁagg 8Pesn?d¥ﬁggxmgahg E%Bd%%% §H o%%?%a.%%n
with sai d5fi r sdatentnegiorlyi epd said sheonBypant afinbeidointeinat sadherylat a
| ocations by salds2 a LAt eers | jVve 8.
The nicrocontr%lqgrgg‘oggai%P?ggzegé?nggéggEF?%%¥ é¥r999?%?g?ﬁ%?rﬁ%ta
menory const it @ceesgalaststotionsoke anehPh 281d means nfPe ALADPFIRBDdul e,

sai d single meERk, MRYule thUrbRBYy and s598PEESLAE BafOUSE NBADYY store for
storing executable Instructions, sald data nmenory store and said code

menory sEteTIRar MEFOFYeoinBReR¥t S8 dsEREet afpRtTal BHhofRRet of
i nput /outiput daiivect eedaieeRRERt$8hsOtobbhel bResnt&ah4ll 39nd eoETRAL Set
of bitlines sehg%tlvely coupl [ store to said code

| ng said data Nenoy y
nmenory store; & memoxries WhéngS%?ﬁgﬁﬁcﬂﬁﬁD?QnﬁﬁﬂLI%9?u??%er having a
bank of pasmldevieoasliodisebecprogkymi $nbatuagicas dtdatlae othexr menory

store from sai duode TRUR Yo3Long: 33hdesPdendd aarlEHBRY-BLOTE DO NO

conti nuously coupl Sai of “Sénse anps ahd to said
singl e set of input/output drivers, said bank of pass devices
sel ectivegly coupling said data nenory store through said code nenory

store to ) . )
22. The microcontroller of claims 19 wherein said

special function register further has at least two timer
control bits for selecting one of multiple distinct
watchdog timer settings, each of said watchdog timer

20 settings being effective for establishing a maximum non-
activity time period during which if said microcontroller
is inactive then said microcontroller will undergo a
reset routine to bring all ALU registers to predetermined
values.

25

23. The microcontroller of claim 22 wherein said special

'fﬁnction register further includes a timex reset bit

effective for restarting said maximum non-activity time
30 period before said reset routine is instigated.
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said single 3%1998156%"5% ’I ingl e set of : 33?/”59?’04559
drivers. ﬂlﬂmmllm l)m'l "Ter45f claim8 furt her havi ng a
power supply Vbc and a hrghcvthagesgeherating means for generating a

program erase voltage at |least twice as hig as_said Vcc, said data
menory sector BéingThentilgyegonyroller @SuﬁﬂéémﬁolgaWHeﬁﬁgﬁ galdage

generating ”Ea&ﬁcr%@bﬁtgea&e%ofurtﬁ&rpaﬁé1Qaébc38f§§gecaausIyoﬁﬁegklng sai d

code nenory store through said data nenory store to, ,said high voltage
generating meak§sponggve tPOSal@héLﬁlépécénPPSPPQrdBFacPQFHFSrmhere|n sai d
code MEMReYp &h@rie—eh% gafidr at.upr ga&arrmﬁdteaaaesé&@hanaatat I ng

and said data nennry st has second ram an

rating, said sB@&H&eﬁﬁo Hﬁéﬁé Fﬁégec§gF SSPECtIV?;Yl AgepLng g aleﬁgst

10 times hi gheanﬂh&&cmldddhlthShdaQess poegeasnafdregasekcyetesg rating.
11. The nlcroc%EFroller of, c#g ere ram and

s
erases cycling 7§ § &P &Fh1 ngSSSSHQ 8aga58Pan58£8n§ap%§§ran1and
erase cycling sabBMgntsaaﬂylsamular funt60pfadity as saidl8ecdhé

T ndany g 2B e B ot Al L8" 04 g 80813 dcont DRED o FLOEEORY 100%

r edundancy and® sal pr ogra as nore
10 applied to one of said means for accessing external data

memory and said second part of said internal data memory

by means of said MOVX command in combination with said

first control bit, whereby the number of addressable data

locations by said data pointers is effectively doubled.
15

25. The microcontroller of claim 19 wherein said first
part of said internal data memory comprises an array of
multi-bit volatile data registers and said second part of
20 gsaid internal data memory comprise a data memory store
within a single non-volatile memory module, said single
non-volatile memory module further including a code
memory store distinct from said data memory store and
effective for storing executable code instructions, said
25 data memory store and said code memory store sharing a
common set of sense amps, a common set of input/output
drivers and a common set of bit lines;
',. saild single non-volatile memory mcdule further
having a bank of pass devices for selectively coupling
30 the bitlines in said data wmemory store to the bitline in
said code memory store whereby said bank of pass devices
may selectively isolate said data memory store from said
code memory store, said code memory store being
continuously coupled to said single set of sense amps and
35 to said single set of input/output drivers, said bank of
pass devices selectively coupling said data memory store
through said code wemory store to said single set of
senge ampse and. said single set of input/output drivers.



WD 99/ 56205 =40~ PCT/US99/ 04559 . 13. The '
m crocont rol | WO 9562054 si ngl e nmenory mBGHUS99/04559
subdi vi des a nenory addmmmmnm ﬂr [III _45-address for identifying a

wordl i ne and an y-address M sdentify a colum of bitline; 5

said y-address being coupled to a first y- decoder for selecting a
group of bitli s, asl‘l'ﬂ?tnﬁfdﬂd&ﬂltrollerbbﬁ?@il&lﬁr addwhegeifakdidekenytd

group of bitlines bein sai d_cod A ore;
sai d x-addr ess TTPIYF q’t’oleaﬁ“e)?‘q}éfp g’ﬁﬁor"slé’ne Ogelaélc. ﬁﬁsg #BfRdRi ne as
determ ned by sEliabX-mhib®ssnodule. wordlines corresponding to said code

menory store being coupled directly to said code nenory store and
wor dl i nes corresponding to said data nenory store being coupled to
sai d data Srenory store through an x-transparent |atch, 15 sai d

X-transparent |fﬁc*]fﬁarMié?HE%HEf@i}éyfd%ekgﬁﬁhyégygurtherlﬁé@ﬁh gt he

| ogic state of all wordlines cou ata nenory store. 20
14. The ni cr oG8 Fuarplof \{ﬂcamdla wHeteviplsgioe gengrating measpyfsrore
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predet erm ned address bi_t address, whereby said dat a nenory

store is sel ectétiGg as hlgl’béisd S&rl@déftC&!mSﬁéﬂl é’&(?nae?@mﬁﬁ’ PECEEr; bogng

sai d m croront reddteimidiidinercdipliddd to Gatid high v@gaageagéﬁésaemﬁgr ol line
coupled to sald Si ta _menory

I
store while sai'f ans), esaﬂrcgg‘i%'g? rﬂfné’(?‘sgdg{‘eé’%:%[? fseer]%%sﬁéygégt cog‘aianaat a
space accesisl carig aleddme sarades aihdqueddetsddnidacd addoegssbbre300

being | ogi cal | 5 LMY NAH A Y YertBaL 197 FMBIOTY Store

i5
28. The microcontroller of claim 25 wherein said code
memory store has a first program and erase cycling rating
and said data memory store has a second program and erase
c¢ycling rating, said second program and erase cycling

20 rating being at least 10 times higher than said first
program and erase cycling rating.

29. The microcontroller of claim 28 wherein said first

25 program and erases cycling rating is at most 1,000 and
said second program and erase cycling rating is at least
190,000.

-

30 30. The microcontroller of claim 28 wherein said data
memory store has 100% redundancy and said program data
store has no redundancy.
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’__________;_,_;;;_-
when either of said predeterm ned s bit and said
access cont r oWMQ 9956245 5‘““\“\‘ WO 99/ 56205 WU@BB%%
PCT/ US99/ 04559 t F87Fer of claim 13 wherein said
single nmenory modul*e further includes a vol tage supply Vcc, a

means for selectively generating a high voltage HV signal at | east
twi ce as hi gh 8% .VcGhea mierondnrndddederic cdpiod255wheredry sedidveiogile

y-address, and p,CopURY g(e‘é%qjg"vﬁ-doh‘ﬁle subdiki8eb0h h@%&gasaaa&ess

swrultaneous witing to sal menory store while Ffeading from
sai d code menorptst @rex-address for idenddifying & yREAlBBEngcodpl ¥d to

sai d second y- addreséﬂ%d%_laérﬁrlfg,&%@sgeI’Clblllﬂlng@Edelg_hgnal onto a byte of
10 bitlines as determ ned by said y-addr said single

menory modul e further hafdg ¥- addrestsoﬁ’ﬁ% ﬁé’é?ﬁ%eéoﬁﬁl &dfigste¥si ve said
Vec and sai d H¥ecoder %cﬂ:nﬁiele%ﬁ:ll@igr Qublr@@mnﬁltehﬁ%bl sl mete&mahearl ng

one of said Vcc, and H\/ Si S y oder
response to sai¥ HHEA %slqlﬁgtegagaoup of P&%@&faﬁgn e;mg
read/ wite Iine:dupﬂld&rtdoes'aigi @mﬂel eguiory storec;ontrol sai d bank of pass

devices to selectively i sol sal gg_t shgr% e;:wf[? L,5ai d code

menory store. 20 f{headl%relﬁgco ol Ter c alm g erein said

i nt er nal Ireenor weladtiery |an®dcm§f’és.rm Bt ld@rtgmmewd lbéit shid x- adldamwg its

i nputs coupl ed 0 d decodes aadphaying its
out put sel ecti \‘/'}%é g%u %?O%? g’g%% %%tl)g r?gngr mesto gal 5

y-transparent |cmu§1et§b|dig:ectly to said code memory store and wordllnes
corresponding to said data memory store being coupled to
said data memory store through an x-transparent latch,
15 said x-transparent latch being effective for selectively
latching the logic state of all wordlines coupled to said
data memory store.

20 32. The microcontroller of claim 31 wherein said data
memory store is separated from said code memory store in
addressable space by a predetermined address bit in said
x~address, whereby said data memory store is selected if
gaid predetermined address bit is set;

25 ' said microcontroller further having a data
gpace access control line coupled to said single non-
volatile memory module for selecting said data memory
's;bre while said predetermined address bit is not set,
said data space access control line and said

30 predetermined address bit being logically combined to
gelect said data memory store when either of said
predetermined address bit and said data space access
control line is set.
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effective for Iatch|ng—the—+ogrt—sfafe—ﬁutput fromsaid second :
y-decoder andwo dgissRes ri onto sel ect ed BITHYINO45S9
w thin said data rrermry Imm@uﬂ'm{ iljj espgose to said concurrent

read/ wite |ine. ocontrol l er of claim13 wherein

said single _ nenDry nmodul e further includes a voltage supply Vcc, a
means for sel egh, Ve|ﬂ1@%1@fx@cb&hﬁr@lb.leﬁho\f0lcu.@ﬁm kli/ #hepein3daidagihgbst
twi ce as high as Ve, .colum | atch b§ gi g to rec i ve al

col urm Iines r @R NG frelgry modu 5%”&@%?‘9 Tore Ang° xéf?‘%ecode |

menory store, awppdy Vee, eOomedhsefbrr ealdewtitelly/i genédatingt adaiging
si nul t aneous 99/ 5620
PCT/ US99/ 04559 Vo1tage %Omgna 738 least tyice g Pbolarg ¥sFa i8St ore

whi | e read ng fyr-dlmncsgied coupledode mereryestedd; y-address, and a said -
colum latch b hay S t l'i ne
and effective ggglstofgﬁb Fﬁﬁ 1@% ?Eﬁg foga%nsﬁgﬁgg? S Qfﬁ&fé?ﬁgéHQ“

sai d HV si gnal "aditigc deplsed & datai me@@p:ynﬁtore whidecheadhrgf from said
transferring saigheHhesi gtg&%o sel ected colum lines as detern1ned
by the logic state store each_of said |atching neans;

sai d concurrent read/mﬁlﬁélﬁ R ﬁ&gpﬁérbSéPﬁgcouPledCBBpﬁéﬁdt%e%%%@rBT sai d

bank of pass daedaasezt qsor tran%%b%ﬁ'&h lsmasgkfab@gﬁaldoﬂa&aansy@éyoﬁtore

fromsaid code he m crocontroller of
claim 17 whereH&Q%%QTﬁmﬂﬁadetermlﬁﬁﬁo Y §F6Peyaﬁ8d588§'nennry store include
col ums of said single non-volatile memory module further

having a routing means coupled to receive said Vce and
said HV signal, said routing means selectively

15 transferring one of said Vcc and said BV signal to said
first y-decoder in response to saild concurrent read/write
line, said concurrent read/write line further being
coupled to control said bank of pass devices to
selectively isclate said data memory store from said code

20 memory store.,

34. The microcontroller of claim 33, wherein said
internal memory further includes a y-transparent latch

25 having its inputs coupled to the output of said second y-
decoder and having its output selectively coupled to said
data memory store, said y-transparent latch being
'effective for latching the logic state output from said
second y-decoder and transferring said HV signal onto

30 selected bitlines within said data memory store in
response to said concurrent read/write line.



bitlines and col ums o sai I n
menmory nodul V46685 colunn val t age contr ol E@SF@V%”
generating a first m Eﬁﬂ ' sigmal and a second voI t age out put
si gnal , sai d flrsh val S|gnal bei ng sel ectively

coupled to said col ums of bltllnes as deternined by said col um

| at ch bank and3%ai dflsecoidryodtiogel bet pof cslzgnalslzavherm my:skl@ntgl@l y

coupl ed to sai e, sai d
columm | atch Sgﬁ§0$§g£§ ?L 8%&S%§e$gﬁﬁ%ﬁ %E%F age ou?%g% S|dﬂils bei ng
responsive to aupply VCHPVRTME RS i@éolsetbquW%?aY egemRrR g gyriakglsequence
s aCt'V@? %e 1y sxg&gl ft”iéé@@OQ&Iééléﬁ ASIVek:, a column

a control signa ener purpose arithnetic
| ogi ¢ uni®, ALUitQB bap»%o@@ﬂ@he@ot@alf%lc%b‘ﬁ?r%l ﬁ@lﬁmg@msatmnnmg

internal data aﬁfaﬁghrgapan&w& ra&néfyds@@f@r@ﬂ;d said GddaherggRgr ator for
.provi di ng data between said ALU aid |nterna nMeno

WO 99/ 56205 store, and a concurrent read wrlte (ﬁﬁﬁgﬁgatlng

- 43- smmultan@ousrﬁflﬁﬂﬁéeﬁé é@:gdsﬁﬁafr@ém@eﬁ%m wBel e

i nternal data ne res to said ALU, said first address

regi st er haV|nﬁe%aléﬂdF€§§lﬁ %aﬁ%ﬁ#t@emory EheEtFer than the size of said
internalldata nmenory, sasdid columhelaath dadmk npaving iaclaktnga heass part

and a second %?gsal ES$ fi r a?[:t.ngaé.’ﬁ ge@fédéﬁrélgfoﬁr%ﬂo#%the

addr essi ng range réss regls er d part
having a size h@gltessathamftheldd@¢b@mmnblne, range of said first address

register, said first add;g$§ v signal being coupled to said column
latch bank for transferring said HV signal onto selected
15 column lines as determined by the logic state stored in
each of said latching means;
sald concurrent read/write line further being
coupled to control said bank of pass devices to
selectively isolate said data memory store from said code
20 memory store.

36. The microcontroller of claim 35 wherein said data
memory store and code memory store include columns of

25 bitlines and columns of byte select lines;

gaid single non-volatile memory module further

having a column voltage control means for generating a
'ﬁ;kst voltage output signal and a second voltage output
signal, said first voltage output signal being

30 selectively coupled to said columns of bitlines as
determined by said column latch bank and said second
voltage cutput signal being selectively coupled to said
columns of byte select lines as determined by said column
latch bank, said first and second voltage output signals

35 being responsive to a CHPWRT line used to indicate when a

program sequence is active.



10 regi ster havi ng access—onlyto-said first part; , © neans
for accessi nVe@%9/5620% | responsive to said cRE/P81%04583nal ;
a special function regi m,mﬁmhﬂﬂlwﬂ Q@i d ALU and having a first
control bit, said ALU b ¢ r ve for selectively setting said

first control bit to a first logic level and to a second |logic |evel;

a second address.refi fierceoHRLET1EP St IBDNS: for accessing
external data menory and effective for addressi ng external data

menmory in response to an®B0iNteERRLAYMOMAE a nenory access cormmand, MOVX;

and r out kngeReansal esprablet docass duddnsstfaont rol
bit of said speg

Lal_function register. an i : lwvely
redirecting t h&™ 8?‘?@#?%’ szcgg?gn%e %}é 9n@é£§%%d$%%%&’egslas:tderé&r%ﬁn{%lai d
means for5accepsiradleXt acnaks2feans doeingeabigctive fiar sstmuhadat of sai d
i nternal data y ri |.d %QXJ ggggp . 20. The
m crocontrol | ePrggr%ﬁgllanélgg%*éggﬁi% a?. t r@? M ddress register is an
8-bit register for accesshngXDPrnal Serl?fl;?S@C%ﬁ%l Wﬁﬁﬁqn)@é%q&lﬁ%l%d sai d
second addressgaid ipteGhalChehSrf) 48181 LxtEOhS] Sled Oll ARRRSH Rty (O

65, 536 menory [ ocati ons, 99/ 56205 | PCT/ US99/ 04559
21. The microcBREPSl PEEeSELIVRaf AT 18XIRERRL HY SBF P EERing and rey i on
regi steripncl udgsqaineeendl cashéel; bit, said first control bit

selectively directing read_access i nstructions tq.one qf said means
for accessing external B8 loﬂg?ﬁgn@ﬁﬁ?ya%ﬁﬁs§ ’des%%sl%gﬂiﬁ?‘fg 534t d
i nternal nenorgxternal pardlietoadcessatmeandi andedffeatvisby fharecting
program 3698381 LAY UELLONE L9 SPSuPlmRhd SPANS: 4 fnAGSESS! N
memory through said extermal serial access means.
15

38. The microcontroller of claim 37 wherein said
internal memory comprises a data memory store and a code
memory store, said locking fuse being effective for

20 preventing serial programming of said code memory store
and not effective for limiting serial programming to said
data memory store.

25 39, A microcontroller comprising:
' an internal code memory for storing program
instructions;
'.- means for accessing external code memory
storing additional program instructions;
30 a general purpose arithmetic logic unit, ALU,
effective for executing said program instructions;
a program counter register for holding the
address of the next program instruction to be executed;
monitoring means for determining if the address
35 held in said program counter register lies within said
internal code memory;



external data menor of said i nternal menor

wher eby said Q8¥s %tr direct read instructio‘FF%Tlpﬁ"%?ﬁés’of
i nternal and external Im‘lﬂ iﬂﬂ'ﬂ&g lm s -8l e said second control bit can
si nul t aneously direct pr ns to the other one of said

I nternal and external data nenories. 22. The mcrocontroller of
claims 19 wherein said routiggecisHnd m&ﬂpansirveagitxt e ifumdrdricdranagat | east

watchdog ti mer SEEH roésé}*)%éc ol el MLO0E HedBlls ol b o g
ef fective for etsheatﬂd ig®) heldbhdmmanigbrprogram cewmiten ot |Smdpent@¢n@llr| ng
which if said @&dé’q{?é}ﬁéﬂ a1d afd% ddpact '%‘9 v}'&]_bc‘é‘}ﬁns@a%f“l‘ht%%%tlr ol I'er

will undergo a rou I 'ne r|n registers to
predet ermied code mepems. gl further 2535 ERHel Vel eﬁqa%@mlmm@r sgfidc| ai m 22

wherein said Spegdlss to sdidGldLHb 'Y H&leddid @xtiditlidesda He%’icy" eset

bi t effective for restarting said _nmaxi num non-activity time 30
period before stf FFEEaddrras e noistligatidhin sald inkgryelsgegery:

PCT/ US99/ 04559 24.5 THRedi L1 Rl fedifs teirain@EpbhathRer @on sedlad
m crocontrol |l er ftg thfc}ﬁ ncI udes_.a f| rst .dat a(;ﬁg: nt er, respon5| ve to

said ALU and a & Ushichtghest contxad, Kb, $3ie MUy BRMYS said first
and secorb dat eefSfect jpod nfaer ssé)leadtgmém‘}ecsemarfg)rsa:@s;femrstveiopt&todr g a

first A4 2200 ot Ad0ress | osat 00 J QMRS B YRvel ; and

thereto, said f ers aV|n
routing means responsgive to said first control

bit of said special function register and effecting for
selectively redirecting the address held in said program

15 counter register from said internal code wmemory to said
means for accessing external code memory regardless of
whether said address lies within said intermnal code
memory .

20
40. A non-volatile re-programmable memory system for
storing both code memory and data memory and for use with
a microcontroller comprising:
a single memory array having.a single set of
25 sense amps, a single set of input/output drivers, a
single set of bitlines and an x-decoder for selecting a
single wordline within said memory array,
L said memory array being divided into a code
memory store and a data memory store, said single set of
30 bitlines traversing both of said code memory store and
said data memory store, said code memory store having a
first program and erase cycling rating and said data '
memory store having a second program and erase cycling
rating, said second program and erase cycling rating be
35 at least 10 times greater than said first program and

erage cycling rating;



substantially siml ar —furet+onralHt+y—-as—said second . address register
and havi ng t hworsemsent .. lvely 10 applied to one of EBETUSHHHMES f or
accessing external dataLEﬂ@Em I - saé4l_second part of said internal °
data nmenory by nea onmand i n conbination with said
first control bit, whereby the nunber of addressable data | ocati ons by
said data pointers is effheghhkeby gaHbBl @dvidés selectivdly TI€olating

m crocontroller qQf  ¢claim19 wherein said flrsé %%rt of said |nH§rnaI
data mermory coffids&etanmeppxy gkore from,pridpePds JrelPrE HERLer efftters
and sai d secondogder ne@brz0storsabeingt ebupledate SBRIAIyigghPrase af data
menory store w thin a iEgle nan-volitiletnegnrx ngfule . said single
non-vol atil e nETOFY ﬁﬁ@ﬁl@n%u h&RIENEERETRgSET c3aet ™ PU/ PRy store

di stinct from gaiidredat, a sadpbpnkt ofepaad deviceffbeingesébecsivelng
execut abl e code,j nstruction d 25 _ d oL £; AN id code
menory store s gl}lg)?f&da%o aﬁdc%%%négg?rgf gggﬁgggg%%@aég%%%&get of

i nput/ out put memoxryr istere &ndsaidommngleesetfobi sehspexmps and said

said single nopyyohatile g@gﬁﬁﬁgggggtggQUEEE?%F?hes ihaving a bank of pass

devi ces for selectively cou t he n said data nenory
store to the bitline in + said code nenory store whereby said bank of
pass deviiges may sel ectively isolate said data nenory store fromsaid

code nenory store, s% d code nennr%aitore being oniinuo§$ly coupl ed
to said singleddet OPSSERSPTIAPETRAA-S5MEMOLY ﬁ?ﬁeﬁiﬂglﬁ LR
i nput/ out put diiheekdn saiid Farktobrogram pAdsedevesesysbirgt taeiygcbspl i ng

said data nenory store t hr ou sai.d_code nenor tore to said single
et of o Fo%ind 200 s 8T PR S EroRRaR: Had phtetr rof £
WO 99/ 56205 rating is at least 100,000. PCT/ US99/ 04559

15

42. The re-programmable memory system of claim 40
wherein said data memory store has 100% redundancy and
said program data store has no redundancy.

20

43. The re-programmable memory system of claim 40
further including an address register for holding the
address location of a currently accessed memory location,
25 said address register subdividing said address location
into an x-address for identifying a wordline and an y-
address for identifying a column of bitlines,
"L said. y-address coupled to a first y-decoder for
selecting a group of bitlines as determined by said y-
30 address, said selected bitlines being coupled to said
code memory store;
said x-address coupled to an x-decoder for
selecting a wordline as determined by said x-address,
wordlines corresponding'tb said code memory store being
35 directly coupled to said code memory store and wordlines
corresponding to said data memory store being indirectly
coupled to data memory store through an x-transparent
latch, said x-transparent latch being effective fox



26. The microcontroller of claim25wherein said single non-vol atile
nenory nodul e W&9%3620%f Hl,ﬂﬁmm Fl ash nemory nmodtff HUS99/04559
27. The microcontroller "m”ml hegz-having a power supply
Vcc and a high vol tage geher‘at -ng” neans: f or - sel ectively generating a

program erase vol tage at | east twi ce as high as said Vcc, said data
menory sector bslectilvely chat chnirogstlye cloogpl edsttat s anfll dlilgworsd It iages

Jara code momor AT aREe TR *‘n’@sa. £ B IR RARSTL Y S hign

vol t age generatlng nmeans. 28. The mcrocontroller of claim25

wherein said co dh%a%%%%féﬂ%)ir%stﬁ%ég# Sgé’f:o egtgrﬁn&%ne %se cycling

rating and sai S program and erase
cycling rating, Diselesdeantngragiaim e frakle | ling Mpr seladtigidei ng at

| east 10 tinmes ggggmgaﬁga@bﬁ §¢5§§ program and erase cycling
rating. . The mcrocontrolier of claim28 wherein said first 25

progr am and erases cycl i ngRidtdaen imengrvEione oy being sgrpxat@ashd
program and er aﬁmﬁyﬁicmgcé@élrﬁ@mﬁy aétéle@%n addreé&ﬁbl@(bpace W a 30.

The mcrocontroller of clai mher sald da tore h s
1009% 1 sdundancyPHae ST i S 5495 o raidnas s pyFai
10 data memory store is selected if said predetermined

address bit is set;
said data store enable line further being

effective for selecting said data wemory space while said
predetermined address bit is not set, said data store

15 enable line and sald predetermined address bit being
logically combined to select said data memory store when
either of said predetermined address bit and said data
store enable line is set.

20 45. The re-programmable memory system of claim 43
further including a wvoltage supply Vce, a means for
selectively generating a high voltage HV signal at least
twice as high as Vce, a second y-decoder coupled to
receive said y-address, and a concurrent read/write line

25 for instigating simultaneous writing to said data memory
store while reading from said code memory store;

said HV signal being coupled to said second y-
'decoder for transferring said HV signal onto a selected
column of bitlines as determined by said y-address;

30 sald memory system further ‘having a routing
means coupled to receive said Vecc and said HV signal,
said routing means selectively transferring one of said
Vce and said HV signal to said first y-decoder in
response to said concurrent read/write line, said current

35 read/write line further being coupled to control said
bank of pass devices to selectively isolate said data
memory store from said code memory store.



WD 99/ 56205 -47- PCT/ US99/ 04559 31. The :
m crocont r ol | WP 9866285 ﬂ ’w'“mm"l singl e non- vol: at PEEURMRIFSP
nmodul e subdi vi des a ne Lo an x-address for identifying
a wordline and an y- addres$ for “identifying a colum of bitline; 5

said y-address being coupled to a first y- decoder for selecting a
group of bitlinés aThdetrerpirbgtammablebyesorg yyadeness,cbfiml 21 ect ed

f bitl ' ' |
o "y addr ess HERTRREG LRGSR b aEF SROPATBRE TEETE LY Tk IR s
determ ned by ssupledaddr e, output wbrdaidesecondeppdachdeg: tatn@ahadvn@e
nenory store bghggout ut ggﬂgkggvgi e&éﬁ%l&& églgaf q&é r&ﬁﬁb%%ﬁ%t%

wor dl i nes ore el ng
sai d data5nenn§§l§tUrerﬁnsyaghnanlatchahspageﬁffeqtthe figr latnhxng the
x- transpar ent Leﬁaehlb@ B &Eef&bmeswa 255885&¥f|¥nd trand A5

| ogi c state of _al S coup ta nenory st 20
32. The n1cro@ghﬁﬁspﬁérOBFOCP&ﬂﬁFQQdMEEFe%ﬁe§aFHF%%@fﬁald da@ﬁnﬁﬁ@°%&ore

is separated fgearsaid ¢eEBoABADEY ShodCcbAcurrent afdi@ssale space by a

predeterm ned address bit in said x- address, whereby said data nenory
store is selected if sai d predeterm ned address bit is set; 25
said m caocontroller further having a data space access control Iine

coupled to saig.,sin e _nenor e, for selecting said
data nmenory 478 ?ggerﬁhPFgg§3Wﬂa§#%d@?@?ﬁ¥n%ﬁgaﬁﬁ CHA™I% ot set,
sai d dat a spac&uxtbezsivednddhgl aneohnagsasdpBly chc,ecmtraaafanmeitbmddress bi t

bei ng |09'Call%egggﬁigggytgeneratiﬁgl§9ﬂi§ﬁigogéﬁé%rﬁﬁmgﬁéﬁﬁfnéi\%gagéﬂther

of said
twice as high as Vec, a column latch bank coupled to

15 receive all column lines from said data memory store and
said code memory store, and a concurrent read/write line
for instigating simultaneous writing to said data memory
store while reading from said code memory store;

said column latch bank having a latching means

20 coupled to each column line and effective for storing a

logic state of said column line,

said HV signal being coupled to said column
latch bank for transferring said HV signal onto a
selected bitlines as determined by the logic state

25 current stored in said column latch bank for each
bitline;

_ said current read/write line further being
'coupled to control said bank of pass devices to
selectively isolate said data memory store from said code

30 memory store.
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-55- 33. The mcrocontroll er of

claim 31 wherein said S|ngle non-vol ati e menory nodul e further
i ncl udes a vol tage supply Vcc, a neans for selectively generating a
hi gh vol #8ge HYesrgrairogiraimsabl et wevergsspsgbmasfVetaim 48cond 5

y- decoder couplald T S0/ B.80' fecaddcease aRd Boge renSRPCHELER!

read/wite lin Instigatin sai
menory store mmcéud@amodgxmmmfsbnalmes a@ddéormmsyogtbybe select
said HV S|gnalﬂ%? coupled to said second y- 10 decoder for

aid HV

transferring sal signal onto a byte of bitlines as determ ned by
sai d y-ad@r ess said memexydsyphgle LHERLOE| BRVEBInBnBPYURBdUI e
further %%eacb%%&bﬂgmﬁﬁﬁﬁsf%QUQEﬁ@rhﬁlhgcslf@rﬁ@'GoYEﬁgénd

said HV signal, sai rqutlng neans sel ect transfer e of

said Vcc and sXUFPMY Sigral egdsz gecond VP&F@Ee OHEEBHeﬁlgﬁa esgﬁﬁ eto

sai d concurr entfirgadiwlitege outpulki BEgnaai Beﬁﬁgcaéneatwew/ wupEeal Be
further being . cgl | ed %o cont.rol saigﬁgank of .pass_device

sel ectively is&PaCe °94i L8t 8P PFERTSARG R8q822F <O Wﬁry
store. 10 la&@h Ebmknmmﬁoeaﬁﬂrebbendo&odtage1aﬁtpubesegnaiabdlng
e 1Tt N8 g ot E3RRA Bhhs' BECByER selBYLN9ihis

i nputs coupl ed to Tre 'S Sai d Seco
as determlned by said column 1atch bank, said first and

second voltage output signals being responsive to a
CHPWRT line used to indicate when a program sequence is
15 active.



decoder and having its output selectively coupled to said data menory
store, said ywownsmsspsrent |atch being effective for | at BET/HFOHMES

| ogic state output from said _ second y-decoder_and transferring said
HV signal onto 30 sel ected bitline's1 ythin'said data nmenory store in
response to said concurrent read/ wite™ 11 ne. WO 99/ 56205

PCT/ US99/ 04559 - 49- 35. The mcrocontroller of claim
31 wherein said single non-vol atile nenory nodul e further includes a
vol t age suppl , a means for selectively generating a high

vol t ag signal at least twce as high as Vcc, a colum 5 | at ch bank
coupl ed—to receive all colum Iline u r]iglgA‘”k U{ ugh ggudhdata menory
store and g&i-d—wde—ﬁeﬁﬂfﬁ-y --------- s}:# -Jandrer-cont ngﬁ ~-{-Sath-tr +-4-e-+--
for instigating si mul t aneougtw-tInd el dhi ddafatrbablyistore whill e
readinggh§pn1said code nenory 2%ofBORTAO DRIVERS} |POR aEHUNEWﬁhF‘BétCh biank
havi ng “ar~+fat chi n +Teans COupl'ga TO dachy cor um AT nesand erfective flor
storing the %}ocic state of sapd coljnn [T ne, vy - said HV

signal b&ih ed ] ch for} | flerring said
g ) DATA ed [RAMATSDR ‘5‘?@4  PORTEOC) | bpOKTO b%%e g
L

e

HV signal opht MEM edt/eREGSTER ¢ || mASTGIS Het EATCHEC “Togi c state

stored inl“"‘jfatﬁ'or Sakd— T at cht™Rg an SR d iconcurrient
read/ write! |ineyfurther baing ¥ coupl to c%ntrol saiyd badtk jof pass!
devi ces to ielectively I 50l at e said data nennr; storejfromisai d code
20 nmenory stare 36¥ _Theé m crocpntrol '

e — ]

ai m 35_wherein |
said data i nBnor y Sﬁgl‘.@,g@? code menofy stof STACKufle ¢ol UBROGO] 25
bitlines and GREGRIERYf bytel'sél'dct |ines; POINTER sig(
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havi ng a colunn vol tage control neans for -generating a first voltage
out put .si gnalwangrsezosecond vol t age out put signal, said f?F@ﬂ”@%Vﬁgge
out put signal being 30  selectively coupled to said colums of hitlines
as det erm ned by said colum | atch bank and said second vol t age
out put signal being selectively coupl ed 267 said colums of byte
select lines as determ ned by said colum | atch bank, said first and
second vol tage output signals 35 bei ng responsive to a CHPWRT |ine used
to indicate when a program sequence i s active. WO 99/ 56205
PCT/ US99/ 04559 37. A mcrocontroller conprising: an
i nternal nenory; an external parallel access neans for
externally accessing said internal nenory, said external 5 par al | el
access neans being effective for externally programm ng and readi ng
said internal nenory; ‘an“external serial access neans for
accessing said internal nenory, said external serial access neans
being effective for externally pro i i said internal

menory;, a locking fuse accessible only thrpugh said
external parallel access neans and ective for el pctively
preventing progranmm ng of said inteBpal & ngnory thgouph said externa
serial access neans. 15 ~_ 8. eégicrocoﬁ;rolleHJPf claim 37 wherein
sai d internal menory conprjs ta mengry stor(a_di aphd a code
menory store, said |ocking fuse pei e ectivqg or 20z pfeventing serial
programm ng of said code nenory stoTe O
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and not effective for limting serial programmng to said data nmenory

store. 25 WO9956205A ni crocontrol |l er conprising: © PCT/USIYYSSY

i nternal code nmenory for storing program i nstructions; :

means for accessing external code nmeno3f7 - storing additional program

I nstructions; 30 a general purpose arithnetic logic unit, ALU,

effective for executing said programinstructions; a

program counter regi ste§6f~o§r( hol di ng t he address of the next program
d;

i nstruction to be gxecute oring neans for
determning if th@%%i% ss 35 held i n sai d%@m count er regigfmﬂ" es
within said it er #alORode nenory; -§9P56205 —

PCT/ US99/ 04559 87A routi ng means| responsive to said

nmoni t ori ng geaws sai dirouting neans being effective for applying
the address hel d3Pn saiB@owopd‘rBhomht'BF’o'p@P’sai BéngopaBlyTop * ¢ BAgmomior y
if said addpess I\js vm'thi;g_s_qi d-interngd 5 codevnenory; and f#rther

effective fbrWhk | frg—sai ma:) f on cessk
o i Ftind He-wi-tthHA- s ai ¢

ext ernal cope—fEerpt i h
I nt er nal rreng)r% egiister rjesponsiyeito
AV i Sagi ' 1G+
' t

said ALU h 3

effective fpr select|vel yrfd"‘ '

| ogic leveljand to g o] ' ] 1 ' outif ans
responsi ve | p@aigl ‘iqtm ohiTot ! it Eai frct of

regi ster angd eg ectihg for iin t he gddress helid
in said programl f coun ,Hlll,glli v mrempriyl_t ¢
sai d 852 | -4

374 T Ty

L]
-
*
L J

r' | |
A Ld o Ld LD |
”Ll | J ”LL ]
-
73— —F———F i f‘J R IC
(WL = = = Y= ;H...}? _}T" = i
zm- ‘-[ L l):] Ip - ___[?E eoe L{ | |; von ,__l
° “L'l 71[1 ”L_1 .”L.l

Suiiasi Rtz iiast
PN i i _]_ ._L .
S ipmtl e T pn B 1 e B gl

354 .- .
" Ay

:

/%

(97
:L

i IYJ,,, [[J H-] If].,, ___1
WLZO i } i | I l_l Ij l:‘:]
83l‘ —1 i '—| see {lL.l %l »ee “”‘!I
79 =
855"] 177 4L L L L L
9 BOggoT BlooT **BhBOT ™ | BlNBOT BinpoOT** B™NBOT
N $ J |
S 81 -
BYTE BYTE Vspor
SELECT, ot SELECTN.BOT

FIG. 3



means for accessing external code nenory regardl ess of %‘FJ&{SWOA?S%' d

address |ies WP PHI%5ai d i nternal code menory. 20
non-vol atil e re-programmabl e menory system for storing both code
menory and data nenory and for use w t4y/7 -a mcrocontrol l er conprising:
a single menory array having a single set of 25 sense anps, a single set
of i nput/out put drd7\/ers a single set of bitlines and an x-decoder
for selecting a \smgle wordline within sald nmenopry array
said nmenory array being divided intjoa code rrermry Store and a dal p
menory store, said sipHie set of bitlin®s traversing both of said
code nenory storg @gpd sai d_data_menor tore sai d code nenory stpre
havi ng a f} GBN progfam and_BE¢s2 cycl ijne reae-Sat-t—eat-a
menory store havi-hg-—ed sec 22 2 e cycl i ng rating, {9ajd
second program and jer ase g L8 203 at least 10 tines grigater
t han salliPGMr Bt prdgram apd erase cycling rating; WO
99/ 56205 > TRNSPRNTLTCH | pCT/ US99/ 04559
-52- a ben A ~ee's selectively isolating
sai d dat al nenory Sti@ir I : Y HsOr € sai d code menpyy
store bei pg coupl eq dlw g&ﬁg& sense anps and to saijc
singl e set of input}/ out Vi , i bjbank of pabt®GM\B ces bdi ng
selective]y qoupl d'my store thrW‘d code
menory storg_?@%sai d sing s and 3;%!§Ssdt Of
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10 41. The re-programmbl e nenory system of claim 40

said first pmomysssseesd erases cycling rating is at nDsthgﬂﬁﬁymﬁﬁa
sai d second program and erase cycling rating is at |east -100,000. 15
42. The re-progranmabl e nenory systenﬂiﬁ'cla|n140 wherein said data
menory store has 100% r edundancy and said programdata store has no

redundancy. 20

43. The re-progranmbl e nmenory system of claim40

further including an addnegg register for holding the addr ess
location of a currently acwessed—wempry—t-gcation, 25 sai d address

register subghaigdBng

bitlines,

selectlng a group of b

sel ect ed bi tlines B34

det er m nedDBE_ EBI'

menory store being %%

3 dVﬁﬂdress IocataﬁgFg into an x-address for
gs for identifying a columm -of
ougked to a first y-decoder for
d by said y- 30- -address, said
code nenory store,;
Htte c sel ecting a wordline as

addressg-m"_-;_-wa¢dl|¥ﬂ§5€ﬂﬂrrespond|ng to said code

13@hrectly coygked to said code nenory store and

wor dl i nes correspondi n sal data nenory store being indirectly
coupled to data nenory storﬂ? an x-transparent | atch, said
x-transparent |atch being e ectlve for 114 99/ 56205
PCT/ US99/ 04559 selectively latching the logic state of al
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corresponding -to said data nenory store. | e
nenory ‘syst enWe998628fm 43 5 further having a data store eRSBIUSOPP4E f or
sel ecting said data nmenory store; said data nenory
store further being separated fréYsai d code menory store in

addr essabl e space by a predeterm ned address bit in said x-address
wher eby said 10 data nenory store is selected if said predeterm ned
address bit is set; said data store enable line further

bei ng ef béetive for selecting said data nenory space while said
predeterm ned address bit is not set, said data store 15 enable line and
sai d predeterm ned aqug§slagt bei ng | ogi cally conbi ned to sel ect
sai d data nenory storejwhen ei ther of said predeterm ned address bit
and said da >—»[—Store—anabl e | i negipnSet 1y 20 45. The

re- progranmmabl e mepCOLURMN ler-of—¢ - —further including a voltage
suppl y VEEWRTwamsVOLTAGE| BYSRSLEHR Wel y g
| east [of:

44. The re-pr o&r amab

ngrating a high voltage HV

si gnal at as nigh as Vcc, |ai|s nd y-decoder coupled to
receive said y-address, and a.con¥urrent reXdMaite |ine 25 for
instigating sinultaneous wit sal ta_pgnory store while
reading fromsaid code nenory WFC&%ANIQE said HV signal being
coupled to said second y- decoder—tor—trarsf er bngjﬁ%iﬂp S gn é
onto a sel ected colum of bitli as determ néd by s§|a_y-aagzg S;
30 yvxneai d nennr%75'“teﬁ1fu.vhcl fravtAg | ut g rehns
coupl ed to receive daftd Vot "apd sdPATANSPAGHal , v i @RNSut | ng Feans
sel ectively zilnsfer4in one pf said vee arg i gﬁgﬁfgﬁétitﬁ sai d
first y-decods{ p repponse to said concurfrgnigriea I'| ng, {said
current 35 'qgﬂﬁgti4£L++ne fRPASHBEEVICERANKUAGl gd N g control saj dC
bank of pass @eVvCNER o sel ecfTVely 1solate salgq datlh menory| stofe
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WD 99/ 56205 . PCT/ US99/ 04559

46. The re-prWPARRED| e menory system of cl ai m 45 f ur t RET/USRIAEO ng a
y-transparent latch having its inputs coupled to the output of said
second y-decoder and havi ng its output selectively coupled to said

t ranspar @i | atch being effective for

data nmenory store, 5

| at chi ng the exi sti fromsaid y-decoder and transferring

sai d HV signal ontq|selfectied bi!tl ines within said data nmenory

store in response to saijd|cofcurjrent ‘read/wite |ine. 10 . 47. The
re-progranmabl e nenory sy$tem of| cl ai m 43 further including a voltage

supply Vcc, a neans for
signal at | east '
15 receive all colu
code nenory store, and
simul taneous writing to

-----s¢j.ectively generating a high voltage HV
"High as Vcc, a column | at gt -bank coupled to
) i and’ ‘said
for instigating
readi ng from

menor y stgre hil

said code nenory store; | pe—e=—=-- sai d_cdlu | a ank Baving a
| at chi ng neans 20 colipled to |ggch col um 2".‘ d effectwe for storing
a |l ogic state of saijd gol li,ne, 8] i ' %I
bei ng coupled to said coPumaA Iétch barg ansferring said
signal onto a sel ected bit]lines as detergige p,yr & rogjc state 25
current storedNin said ¢olwma-+gtch bank for eactr | blq i ng;
said current read/writellijne furffder being 2d t&g contr glisai d
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(57) Abstract
'~

A micrecontroller (1) having a special function register to
internally select between internal memory and external memory on
the fly. Two data pointers (41, 43} in conjunction with the special

function register result in four effective quick referance locations.
The Internal memory (67) consists of one memory modnle having | 2AT4 | rau| | FORIQ ﬁ%‘@
its array subdivided into a data memory stors (37) and a code

mernory store (35), and having a bank of pass devices (73) to
selectively isolate the code memory store from the data memory
store. The present memory (67) can further support concurrent
writing to the data memory store (37) while reading from the code SR ey E”Z},_ 1
memory store {35},
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