28/ 07/ 2005 LOWVOLTACGE DIG TAL ROM CI RCU T AND METHOD BACKGROUND OF THE
INVENTION 5 In order to increase the functional capacity of digital
integrated circuits (1Gs), |C designers necessarily inplement 28/07/2005
progressively smaller geonetries for netal-oxi de- sem conductor field
effect transistors (MOSFETs, or FETs) and other |1C devices so that nore
circuitry per unit area may reside on an |IC die. However, generally 10
acconpanyi ng the small er geonetries and higher circuit densities are | ower
transi stor breakdown voltages and hi gher power consunption, thus requiring
the use of | ower poLv@rWs\ﬂQg@AGEII?HE)&s@L BOMrCIRGUETANDIMETIEOB! a | over
power supply voltage typically reduces the avail able anobunt of voltage
margin, which allows an ICto operate properly in the presence of

unavoi dabl e variations in manufacturing 15 processes, supply voltage, and

operating tenper re. As aresult, circuit designs wutilized in |arger
geonetry ICSWI%&W&ETWHW@EM when the same design is

translated;into an IC utilizing a smaller geonetry. An exanple of such a
design is an ICread-only nenory (ROM circuit. A ROMis commonly enpl oyed
to great advantagelmsrder folinciehrtat fipRtibhRRamicit of af [in‘téératg@cﬁ'&ﬁisgmig&ucr‘
as a control [nformation store, or as a standalone 1C. A typical I

circuit arr anggfjr%ﬁ’ﬂneﬁrW%ﬁ%@m}ﬂ?m@mtpr@ge%wrhﬁlﬁﬂ:Iga)mimes fortithétel-wade, an
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separ at e READBbTmeicgi@bittyi pegsmit arddl Gy Akide RAMNEL de IBBREAEPeddYalN addr ess
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typically reduces the available amount of voltage margin, which allows an IC to
operate properly in the presence of unavoidable variations in manufacturing
15  processes, supply voltage, and operating temperature. As a result, circuit designs
utilized in larger geometry ICs may become less fault tolerant when the same design
is translated into an IC utilizing a smaller geometry.
An example of such a design is an IC read-only memory (ROM) circuit. A
ROM is commonly employed to great advantage as a functional portion of a larger IC
20  design, such as a control information store, or as a standalone IC. A typical IC ROM
circuit arrangement from the prior art is shown in FIG. 1. In this case, an n-word by
m-bit ROM comprises individual ROM bits 110 for each data bit to be stored. Each
word of the ROM is enabled for reading by one of n separate READOUT signal lines,
which are normally generated by an address decoder (not shown). At most one
.25 READOUT signal line is active at any particular time. The outputs of each ROM bit
110 associated with the same data bit of each word are connected to form an OUT
signal line. Each OUT signal line is then an input for a signal buffer 120 associated _
with that bit of the data word to be read. Thus, the outputs of all signal buffers 120
collectively represent DATA, the m-bit data word currently being read.



col l ectively represent DATA, the mbit data word currently being read.

28/ 07/ 2005 -2 FIG 2 shows ROM bit 110 and signal buffer 120 in greater
detail. ROMbit 110 is inplenmented by a single n-channel FET (NFEAD7MR005
the gate of which is driven by one of the READOUT signals, READOUT.. The
source of NFET NRis connected to either a ground reference via a ground
connection 230, or to a power s supply voltage reference VDD via power
supply connection 240, depending on ‘which of the two |logic states, LOWor
HGH is to be represented by ROM bit 110. Wien READQUT. is H G4, NR turns

ON, allowing the voltage at the source of-ANR to pass to -OUT signal |ine
QUT, less the turn-?n vol tage across NR. The volta%;a_ on QUTy is then
passed to the input @f2§]i1‘§}’h%ﬁo%wéw asigngh pefier ROtinigseagasletails ROMttandar d

10 | tany; i i sti -¢h | FET, (PEET) PB
and an” NEeT A e Rt RSB B R S e SR g
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is HGH The use of single NFET NRin FIG 2 ensures that the space
required by ReNISFled 1a githes agropngarierench staehgronnd ewinagiionsiadk ai totdmyeand ROM
bits 110 to o rel.ad spal | space.is on the, ] C.die.. Additj.opally,
ROM bit 110 df @?%‘ét ?5%?%‘3\&% V?B %%ﬁgﬁum%ﬁm , deRenfineRaviichy

state, thus nafthe avoicyc staws,OEWadr HIHES tocs¥ et eby ROM b8 1ROWhen
Unfortunately, as small|er device geonetries are used for the ROMto

increase | C REARGEhals FIGHE N tyrnstON, aboweng thepoltyzesithasmarodRid Nistorpassal | y
| d, typi . 3 | | ' bl . I ct In FIG
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substanti al | yhéropadekd toARS MPUDGS POV buffSUIPl WhikANA86E A8 i24Qah@kdFI G 2) is
utilized in ROM bit 110, the voltage |level on QOUTy becones VDD |l ess a

signi ficdft ompigeerir MRS EMONRaitronvishng bixpebanchEET(BFEEYRs @nl an
READOUT,  at g fLe % oN%Jt 3f Sigaal %%ffgrl bﬁ &nhv%s % Qats ssxglgaq ?itne %A’fkﬁ which =%’
indicates the logic state of ROM bit 110 when READOUT, is HIGH. The use of
single NFET Ny in FIG. 2 ensures that- the space required by ROM bit 110 is minimal,
thereby allowing several thousand ROM bits 110 to occupy a relatively small space
15 onthe IC die. Additionally, ROM bit 110 dissipates virtually no power when
READOUT, is in the LOW state, thus maintaining low overall power consumption
for the ROM.
Unfortunately, as smaller device geometries are used for the ROM fo increase
IC functional capacity, the power supply voltage Vpp is normally lowered, typically
20  causing voltage margin problems, as depicted in FIG. 3. When READOUT, becomes
active, the voltage level rises from Vogp suBstantiaHy to Vpp. Assuming power
supply connection 240 (of FIG. 2) is utilized in ROM bit 110, the voltage level on
OUT, becomes Vpp, less a significant voltage drop across Ng, or Vo, because the
voltage on READOUT; at the gate of Ny is essentially the same as that at the source,
25  cansing Ny to drive a weak logic HIGH level. As seen in FIG. 3, Vg may not be
much higher than Vg, the threshold voltage at which signal buffer 120 perceives the
voltage on OUT, as a logic HIGH instead of a logic LOW. The difference between
- Von and Vg is Vi, the resulting voltage margin, which becomes smaller as the

power supply voltage Vpp is lowered with successive IC design generations



25 causing NRto drive a weak logic HHGH level. As seen in FIG 3, VON may
not be nmuch higher than VTH, the threshold voltage at which signal buffer
120 perceives the voltage on QUTy as a logic H GH i nstead of a 28403 12905 -
The difference between VON and VIHis VM the resulting voltage margin,

whi ch beconmes smaller as the power supply voltage VDD is |lowered with
successive | C design generations 28/ 07/2005 -3 inplenenting smaller device
geonetries. Thus, variations in the |IC manufacturing process, along wth
variations in the operating tenperature and power supply voltage of the

| C, may cause VON to drop bel ow VTH, thereby causing inpr oper operation of
the ROM 5 Fromthe foregoing, a new | C ROM design that mnim zes the die
area requir edMpl§meatiags F@PW@E@D@W@% p'éhl@svmaﬁmss inrtbe PO wemufsermingot
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signal lines is being driven. A pair of inverti ng means 1S
cr oss- coupl ecPGWIAS foTesrealey w@gg%mgm@nghgmsenca eésxlaoethlaty dveerlsopple | evel

of each 20 | al line is inverted and driven onto the opposing
| ogic state &Qﬂt‘ég?st ?St&Sﬂﬁ?esul ting in both lines being driven to their

proper state, even though only one logic state signal line is being driven
directly as a result of the active readout signal.
10

SUMMARY OF THE INVENTION

Embodiments of the invention, to be discussed in detail below, provide a
ROM architecture that comprises a means for selectively driving one of two
15 cqmplementary logic state signal lines substantially to a voltage reference upon one of
a plurality of readout signals becoming active so that a particular ROM bit may be
read. The logic state of the ROM bit being read is indicated by which of the
complementary logic state signal lines is being driven. A pair of inverting means is
then cross-coupled with the two logic state signal lines so that the logic level of each

20 logic state signal line is inverted and driven onto the opposing logic state signal line,
resulting in both lines being driven to their proper state, even though only one logic
state signal line is being driven directly as a result of the active readout signal.
Therefore, only one of the logic state signal lines needs to be monitored to determine
the proper state of the particular ROM bit being read.

25 Other embodiments of the invention take the form of a method of storing
digita] read-only data as a plurality of addressable bits. First, one of a pair of
complementary logic state signal lines is selectively driven substantially to a voltage
reference when one of a plurality of readout signals is active. The particular

complementary logic state signal line that is being driven indicates the logic state of



Therefore, only one of the logic state signal |lines needs to be nonitored
to determine the proper state of the particular ROM bit being read. 25

Ot her enbodi nents of the invention take the formof a nethod of 284072005
digital read-only data as a plurality of addressable bits. First, one of a

pair of conplenentary logic state signal lines is selectively driven
substantially to a voltage reference when one of a plurality of readout
signals is active. The particular conplenentary |logic state signal line

that is being driven indicates the logic state of 28/ 07/2005 -4 the ROM
bit being addressed by the active readout-4ignal. Each of the

conpl ementary logic state signal lines is then inverted and driven onto the
opposi ng | ogitke g@éﬂéﬂbﬁ@gaﬁﬂdﬂesm byah¢ actvelveddoud digred Bach afithwen to their
proper state, no

whi ch b d di It of th
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of exanpl e_the, pringi. S i nven EF DESCRI PTI ON OF THE
DRAW NGS Fl G- Qf%rglrcgu%rgoc a%FhégP%}ﬁ]S@F %\tlt&?ﬁpi‘&@}?%oé%?m’eé Becording to the
prior art. FIG 20tgrasieRomBlhieaii e ROM
bit and is S|Q%nal bufrf Selz?%m rcuits o E)?fHe% %?%R@Eg%oﬁee%%ﬂﬁkgekﬁlpﬂ G
3 is a wavef of oan@@dawia;ﬁ @mrmongtakhemmhﬁmgmmrﬂgme RSSMPhmtieg dmtitps, t he
prior art RO\/I r cture..FIG S abiock di,agram of a ROM architecture

accor di ng to 4 %WOfWHIP}?ethFHVEﬂP ey Af thednyeplons s a schematic
di agram showi ng gr eater detail of the ROMbit and

10

~ BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a ROM architecture according to the prior art.
FIG. 2 is a schematic diagram showing greater detail of the ROM bit and
15 s1gna1 buffer circuits of the ROM architecture of FIG. 1.
FIG. 3 is a waveform diagram displaying the voltage margin associated with
the prior art ROM architecture.
FIG. 4 is a block diagram of a ROM architecture according to an embodiment
of the invention.

20 FIG. 5 is a schematic diagram showing greater detail of the ROM bit and
inversion block circuits of the ROM architecture of FIG. 3, using a single NFET for
the ROM bit.

FIG. 6 is a schematic diagram showing greater detail of the ROM bit and
inversion block circuits of the ROM architecture of FIG, 3, using a singie PFET for

25 the ROM bit.

| FIG. 7 is a flow chart of a method of storing dlgxtal ROM data according to an

embodlment of the invention.



i nversi on block circuits of the ROM architecture of FIG 3, using a single
NFET for the ROMbit. FIG 6 is a schematic diagram show ng greater detail
of the ROMbit and inversion block circuits of the ROM architec2®ye70f2005

FIG 3, using a single PFET for 25 the ROMbit. FIG 7 is a flow chart of
a nethod of storing digital ROM data according to an enbodi nent of the
i nvention. 28/ 07/2005 -5 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The overall ROM architecture for an enbodi ment of the invention is
~displayed in FIG 4. Instead of a single output for each ROM bit 110 (from

FIG 1), each news ROMDbit 410 has two cefmpl ementary |l ogic state signal
lines, BIT and. nBIT. Simlar to the prior art, each colum of ROMbits 410

cor r esponds t Plal pEAR Q@SQRIBNOHfO}éTHEtI%REEER}E{ED(EMBOMNTSmthe ROM
Each ROM bit 410 within a particular colum is individually addressable by
a separate readout signal READOUT. As a result, BIT and nBIT of each ROVI

bit 410 of a parti QubkaveaDROM aacélﬁtetcuﬁgfdr%ﬁ%hm%a n?é?ﬁ' ifdn
an inversion block 420, the output of I's t e dgta |n P#gtlgl%]r%ﬂéf ATA to

be read from ihBl(RAMIngtead of %E@imuwefﬂrfcadl RODObt 120 (SofdFIGROVebiline4l0 and
ROM bit 410 consists

of o ot ngl© N Rfy 4 Rekaf NS Rt st sie Sk i i ldn SuBlFin

530 i s nade, wite bAPr @5 AESCAIIRNI T RO 480 Logh tion
540 is made. Either connection 530 or 548 IS ma Oﬁ&%njméhe@t%t%%g%ce

of both conne®Piddadesadl fent thrBOM. Hath ROM blyédio wﬂlﬁﬁﬁdpatfnc&]ag BellmBEADOUTX,,
G state, tPA A o RN SCh G e et RERBET A ooBd Bre, -
ei ther BITY Q{ndﬁﬁIT)bfb&}ﬁROMBﬂ 2D %F ABbiRklaY cdifnd 28 ﬂ%%éeﬂfe?ﬁ&f‘t?s%dtap at is
10 input for an inversion block 420, the output of which is the data information DATA. to
be read from the ROM. |
FIG. 5 shows specific embodiments for ROM bit 410 and inversion block 420
in greater detail. In this case, ROM bit 410 consists of a single NFET Ng. Ng
represents one logic state when nBIT connection 530 is made, and represents the
15 opposite logic state when BIT connection 540 is made. Either connection 530 or 540
is made; simultaneous presence of both connections 530 and 540 is not employed.
Readout signal READOUT,, connected to the gate of Ng, addresses ROM bit x,y
when at a logic HIGH state, thereby turning ON Ng. Therefore, when READOUT,
goes HIGH, cither BITy or nBIT) is driven substantially to a ground reference that is
20 attached to the source of Ng, depending on the Io gic state which N represents by way
of connections 530 and 540. Hence, either BIT, or nBIT, will be driven substantially
to the ground reference, while the other is not driven to any particular voltage.
BIT) and nBIT, from a particular column are used as inputs té an inversion
block 420, which comprises two cross-coupled inverters, first inverter 500 and second
25 1nverter 510. In the embodiment of FIG. 5, inverters 500 and 510 are standard CMOS
inverters using a p-channel and n-channel FET in series, with inverter 500 comprising
' Pgir and NB[T, while inverter 510 utilizes P.gyr and Npgr. Other inverter circuits not
discussed herein may also be utilized. Inverters 500 and 510 allow the logic state

signal line that is not driven by Ny to assume the proper complementary logic state



20 attached to the source of NR depending on the logic state which NR
represents by way of connections 530 and 540. Hence, either BITY or nBITy
will be driven substantially to the ground reference, while the®{08y23®5
not driven to any particular voltage. BITY and nBITy froma particul ar
columm are used as inputs to an inversion block 420, which conprises two
cross-coupled inverters, first inverter 500 and second 25 inverter 510. In
t he enbodi nent of FIG 5, inverters 500 and 510 are standard CMOS inverters
using a p-channel and n-channel FET in series, with inverter 500 conprising
- PBIT and NBIT, mhlle inverter 510 ut|I|ze§-PnBIT and NnBIT. O her inverter
circuits not Q@Qereln may also be utilized. Inverters 500 and 510
al l ow the | ngigp theilogg tafs ﬁ*&ﬂa’l Hag being duvendsy NenFoyemmple wdes aléTt he
proper conpl epgy

state signal I ntgét%dé} %qugﬁa?gﬁﬂ%ﬂﬁﬁﬂyﬁggg%?%‘p ﬁ%ﬁ’gﬁ&g‘ﬂ‘?}fi éﬂe Hﬁﬁ%{‘ﬁf on

530 i s made, reBidls ihandniyem sabsHanki@| setohdingbReEL0, wwrﬁe%ﬂmn‘ me‘liﬁgal Iy
remains in an, un]gé en_state, However second i nverter 510 by Vi rt ue of
nBl Ty being "ofij’i‘tés forogt @ HIEH, wats ontorRIdy Eirstioverter SOBKHEy. taledisr st

ame stat ?Se. Ao SRR RRE b L OB Mg R Y o e By R &0

and nBI Ty is dnfy\hat agnzﬁslﬁll&t Thgs, tB’IQ‘ IsQUIGH arsd ABET, 9§ LB rBhdesentivig the logic
Alternately, if ﬁ g/gnnectl on 540 i S_present i Ast ead of nBI T —conndcti on
530, BITy is 30RO Bgﬁé’ntﬁlﬁmﬁelﬁ/dfaﬁaﬁmlecum F40 ismirgsen; insiead of BTy

npat  and 10 °7arARg oS0 i &R LRl F biglh e et Sl Locona

inverter 510 flaaking FilmtSnvelr{IeSED(aﬁlehlthéé thedIO Wi 1Bgicatd MY BEC ks @@, BUTY. Whi ch
i's corrpatlble with_ the level being forced onto BITy by NR nce, BITy is

LOW whi | &°npifaspes & HipHlogicstateentp aI Ty Heonsppisstly setay nverteatsd O takes ROM bi t
Lot o 05 RS B R, VS RSB BT
particul ar casing fofeed biPWBITY 0y NehiHehct, 'BIE] 8T R20ilS nBB, TY HIGH, reflecting
' the opposite logic state for ROM bit x,y from that shown in the previous case.
in this embodiment, an additional read buffer is implemented in the form of a
15 third invertgr 520. In this particular case, the input for third inverter 520 is nBIT,,.
However, BITy can just as easily be used as input for third inverter 520, depending on
the needs of the circuit utilizing the data stored in the ROM. Other types of buffers,
such as a noninverting buffer, may also be used in lieu of third inverter 520.
Furthermore, third inverter 520, or any other type of buffering, may not be necessary,
20 depending on the particular ROM application. In this instance, either BIT, or nBIT,
can be used as the DATA, output.
A benefit of this embodiment and others is that NFET N will be turned ON
completely, thereby preventing voltage margin problems. When READOUT, is
HIGH, the voltage on the drain of Ng will not be higher than the READQUT signal
25  voltage on the gate of Ng, whether nBIT, connection 530 or BIT, connection 540 is
present. Thus, regardless of which connection is made, either BIT, or nBIT, will be
~ substantially driven to ground, allowing either of first inverter 500 or second inverter
510 to be driven property with sufficient voltage margin to protect the operation of

- the circuit against variations in manufacturing processes, operating power supply



However, BITy can just as easily be used as input for third inverter 520,
depending on the needs of the circuit utilizing the data stored in the
ROM O her types of buffers, such as a noninverting buffer, nay2&)6d /2005
used in lieu of third inverter 520. Furthernore, third inverter 520, or
any other type of buffering, may not be necessary, 20 depending on the
particul ar ROM application. In this instance, either. BITy or nBITy can be
used as the DATAy output. A benefit of this enbodi nent and others is that
NFET NR will be turned ON conpletely, thereby preventing voltage nmargin

probl ens. When READOUT, is H GH the volrgge on the drain of NRw Il not
nal 25 voltage on the gate of NR _whet her

be high h he READOUT,. Sj
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operation of . ci rcuit agai variations jin nuf acturi ng processes,
operating poméaggﬁﬁﬁf%fei%‘/ ]ﬁgﬁ‘fgg@: In t aWF?’é%@mgiﬁngasgﬁ)@rtaﬂli‘er@ef?é%@fé}%r e.
Addi tionalsy, Fﬁbﬁa@ajg@g{rrent of FIG 5 uses a single NFET as in the prior

art circuit of FIG 2, providing a space-efficient solution. The:
enmbodi ment al so doéaioHsr enibsdimsat ef the gnichificminvolvas b RGMVdichasREADOBFETI s

inactive, singe NRis sh F.in that case, in sim]ar fashion to the '
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( | Lt , T f
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PR is connected to VDD, ve W ace
| ogi c state. ShutrOFF B, VARAREADOM T.apes LEIV, citet BST QmEIR, isvibeed READOUT,
goes LOW. either. Bl or.,nBl.Ty i.s forced 10 substantjally to VDD, dependi ng
on whet helir0 nBﬁ‘@St@%ﬁﬁﬁ 'O Ypp: é@éﬂémgm&w%bmé@ifwMMEn i6§gﬁf BEEpennepiony
result, eitheg408k presest. M alesit, lehthGUSHRIOP nBIY A 1AHE S 256148 MRPto Vinp

because the voltage on READOUT,, being close to the ground reference when active,

will be lower than either the drain or source voltage of Py, causing Py to be
completely ON. Thus, no voltage margin problem will exist when either BIT, or
15 nBIT, drive first inverter 500 or second inverter 510, respectively, In an analogous
fashion to the embodiment of FIG. 5, either BIT, or nBIT, will be driven HIGH,
 while the opposing signal line will initially remain undriven. When BIT, is HIGH as
a result of BIT connection 640 being made, first inverter 500 drives nBIT, LOW,
which, in turn, causes second inverter 510 to force BIT, HIGH, in agreement with the
20 level beiﬁg driven by Pr. Conversely, when uBIT, is HIGH due to nBIT connection
. 630 being present, second inverter 510 forces BIT, LOW, which then causes first
inverter 500 to drive nBITy HIGH, along with Pr. With both BIT, and nBIT, being
.driven to their proper logic states based on nBIT connection 630 and BIT connection
- 640, either BITy or nBITy can be used as the output signal for ROM bit x,p. Also,
25 third inverter 520, or a noninverting buffer, may be used to buffer either BIT, or
nBIT, from other circuitry accessing the ROM data. Alternately, third inverter 520
- may be eliminated if the buffering it provides is not required in a particular

application.



because the voltage on READOUT" being close to the ground reference when
active, wll be lower than either the drain or source voltage of PR,
‘causing PR to be conpletely ON. Thus, no voltage nmargin problem8V0D7652605
when either BITy or is nBITy drive first inverter 500 or second inverter
510, respectively. In an anal ogous fashion to the enbodi nent of FIG 5,
either BITy or nBITy will be driven HHGH  while the opposing signal |ine
will initially remain undriven. Wien BITy is HGH as a result of BIT
connecti on 640 being made, first inverter 500 drives nBI Ty LON which, in
turn, causes second inverter 510 to force-BcTy HGH in agreenment with the
20 level being driven by PR Conversely, when nBITy is HHGH due to nBIT
connection 630 beilaghqs s pracessdenhonkdgionechameBART f requissmBieTpriaGreatd ch
t hen causes fi: ' ter 50 drive .nBIL Ty H GH . al on ith PR__Wth
both B Ty and TBIeFy B EERG ogRi BT o Thife A T pisighe Sibatunciss Sukeinh
nBI T connecti enctadfel FETsBbrIRONMBIEC 10 ¥l b&ARyre fdsirAgle. BI Ty or nBI Ty can be
used as the output signal for ROMbit x,y. Al so, 25 third inverter 520, or
a noni nverting buf fAsothergpbpdimeseel the prasériténvesiiom takeBitEyomn of mBlethodfafom

hy “he” bl 4 n TR TR R D TR AR e BBt B £
particul ar  appeieatél9drivaBadiagRly tof JokapidferbiccAlRA 856 of S pRANOYrES,

p-channel FETs require nore surface area to inplenent than n-chahnel FETs.
Thus, for manieagdpsignats being actng GeinEN) s Thus, tiezstatg of the RQMtet addedised by ROM

bit 110 will irable. A nbodi f th i i
Phkes the T or e STRLERaa SRBa s A daNE 1§HRRL PP 180 shimg I Rbir BEie:  one.
of two conpl ese@tsaingl lmiigbeiﬁ?&@ve?i Nl the s‘[{gt@ é)% @%&%ﬁtﬂ@é&fnoﬁl&ngg%%ut

substantially to a vo_Itage ref erence upon one o plurality
si gnal s Béi nglogistsiate sigaaldiney Gopveriedus drivh thesttlareomplanvat:ROMghal lirmddtes sed

Eg rrp][ Qﬁeﬁf;ir ;%pg)gﬁégﬁ'é}c s%'(;.tg E's?épsiﬁo Gha %6)i. fAsee(Lj retsjlglt,michcpon?glelglgﬁa;yvﬁgic state
signal lines are driven to the proper logic state, regardless of which is actually being
selectively driven as a result of the active readout sigﬁal. Either complementary logic
state signal line could then be buffered, if necessary,lfor use by other circuitry (step

15 730). However, depending on the particular application, such buffering may not be
necessary or desirable.
From the foregoing, the embodiments of the invention have been shown to
provide a ROM circuit and method that are particularly useful in low power supply
voltage environments. Other specific circuits and methods embodying the invention

20 are also possible. Therefore, the present invention is not to be limited to the specific

forms so described and illustrated; the invention is limited only by the claims.



state signal lines is being driven. Next, the logic state of each of the

conplenentary 10 logic state signal lines is inverted to drive the other
. conmpl enentary signal line to the opposite logic state (steps 7108400 /72005
As a result, both conplenentary logic state signal lines are driven to the

proper logic state, regardless of which is actually being selectively
driven as a result of the active readout signal. Either conplenentary | ogic
state signal line could then be buffered,-2f necessary, for use by other
circuitry (step is 730). However, depending on the particular application,
such buffering may not be necessary or desirable. Fromthe foregoing, the
enbodi nent s o%jgggﬁ%nvention have been shown to provide a ROMcircuit and
nmet hod t hat aré‘ icularly useful in |ow power supply voltage
~environments. Other specific circuits and net hods enbodyi ng the invention
20 are al so possible. Therefore, the present invention is not to be l[imted
to the specific f&Yhatissdaitedds:i bed and illustrated; the invention is
limted only by the clains. 28/07/2005 -9 CLAIMS What is clained is: 1. A
diigital read-only menory circuit (400) capable of storing a plurality 2 of

addressabl e bits, ¢onprAsdigigsl réRasy bRincteLR&di MBOYcBabY bPStofidd Aprexast | Y
one of a first (BIT) and second 4 (nBIT) conplenentary |ogic State signal
| i nes subst anef addrsssabde bitsy gpmprising:ef erence when one of a plurality of

readout signals (REA s .active, t first 6 cq e ry.logi¢c state
signal line (BIT) F]ﬁ_ﬂﬁslé%% ?Bﬁeﬁtlg‘%f'idf’é'éna QEP)CG’ELF gne ?{ﬂ%ﬁé@ﬁaﬁ%ﬁﬁﬁ?imm ary
| ogi ¢ state SiEIR) cdrhplembntBlybgic REaLhA Jints aﬁ,gfaﬁﬁ'aliﬁa!acvoﬁtagé Rferbhl® 8
conpl enentary logic state signal line that is being“driven Tndicating the
| ogi ¢ st at e- ovhen ¢ie dfiatplublityhd reastadt ©ighals READYU) ncadtiveatid fiessed by the
gﬁt ![ xg ][ Ier%g,? u%oﬁ%%%@égyg I'rs{g,geit s(i:grrn%?ﬂﬁe ]Elger) Iiz? 1gart11n:gr%]1 1r§t§ggi)c s%atc]g, t]lneo Icgn evel
' complementary logic state signal line (nBIT) indicating a second logic state, the
g  complementary logic state signal line that is being driven in_dicating the logic state of
the bit of the read-only memory circuit addressed by the active readout signal;
10 E first means for inverting (500) the logic level on the first complementary logic
state signal line (BIT) to drive the second complemeﬁtary logic state signal line
12 (nBIT); and
second means for inverting (510) the logic level on the second complementary

14  logic state signal line (nBIT) to drive the first complementary logic state signal line
(BIT).

2. The digital read-only memory circuit (400) of claim 1, wherein the
2 selectively driving means is a plurality of n-channel FETs (Ny), with each n-channel
FET (N} representing a bit, the gate of each n-channel FET (Ng) being coupled with
4 one of the plurality of readout signals (READOUT), the source of each n-channel
FET (Ng) being connected to a ground refereﬁce, the drain of each n-channel FET
6  (Ngr) being connected to exactly one of the complementary logic state signal lines
(BIT, nBIT). n |



state signal line (BIT) to drive the second conplenentary |logic state
signal line 12 (nBIT); and second neans for inverting (510) the |ogic |evel
on the second conplenmentary 14 logic state signal line (nBIT) ta28do7vegms
first conplenmentary logic state signal line (BIT). 2. The digital
read-only nmenory circuit (400) of claiml1l, wherein the 2 selectively
driving neans is a plurality of n-channel FETs (NR), with each n-channel
FET (NR) representing a bit, the gate of -ééeh n-channel FET (NR) being
coupled with 4 one of the plurality of readout signals (READOUT), the
source of each n- cﬁanneIThFEIEIf@m)id-Belyngem@m\?@‘@Wé640%61Oédgmbllm‘dh‘?relméh%nce,

the drain of . e 1. .6 el C o to exactly one of
the conpl ehentars HGRENRE elsds ALY 28 SRS PEREEY, S feBthand” O 5
The digital r @8l (@g) ypreeeming abit] theigate HQAdh pleh&indl PEE (Pﬁé’ﬂb@f i PuplRee with
selectively driving neans is a plurality of p-channel FETs (PR), with each
p- channel 4 FEPn¢ epémlég@ﬁtqaﬁ@ﬂalg@aks,(ﬁﬁﬁ@ Tk thefsogeeeiof paddtinplsineFET ( PR)

bei ng coupl ed it 4.0ne | urali of .readouyt .si.gnals, (R DClIlI),

the source of Fggc(ER)erc Cnorrllgga%—‘ﬁ a?%ﬂ?@b"é’?tﬁée e tﬁ‘a A 89%%351'5@’%? t age

ref erence, ¢ t hBEWI(B} Ybetfe @agéctdt oRaARB! ot Iffile dMPlerR@itRg 1685806 $hdl Bnes

exactly one of the conplenentary logic state signal lines (BIT, nBIT). 4.

~ The digital r&3dd-8BIY) menory circuit (400) of claim1, wherein the 2 first
inverting nmeans (500) conprises an n-channel FET (NBIT) and a p-channel FET

(PBIT) connected in series as a conplenentary MOS pair. 5. The digital

read-only memory P#.rCUiThe(cﬁ@ﬁ’ﬁlréﬁd—@ﬂé%h{&rﬂory\éﬁ&ﬁﬁdmg}&ﬁlaiﬁl Eegpdniyerting
means (510) conprises an n-channel FET (N' BIT) and a p-channel FET
(PnBI T) c@énneliiseinvesing erdans(588) eoreprings emnrohanne! KEE (Wair) and a p-channel FET

(Ppir) connected in series as a complementary MOS pair.

5. The digital read-only memory circuit (400) of claim 1, wherein the
2 second inverting means (510) comprises an n-channel FET (Nygr) and a p-channel

FET (Puprr) connected in series as a complementary MOS pair.

6. The digital read-only memory circuit (400) of claim 1, further
2 comprising means for buffering (520) the logic level on the first complementary logic

state signal line (BIT) for use by another digital circuit.

7. The digital read-only memory circuit (400) of claim 6, wherein the
2 buffering means (520) comprises an n-channel FET (Ng) and a p-channel FET (Pg)

connected in series as a complementary MOS pair.

8. The digital read-only memory circuit (400} of claim 1, further
2 comprising means for buffering (520) the logic level on the second complementary

logic state signal line (nBIT) for use by another digital circuit.



6. The digital read-only nenory circuit (400) of claim1, further 2
conprising neans for buffering (520) the logic |level on the first
conplenentary logic state signal line (BIT) for use by another 2B840G212005
circuit. 7. The digital read-only nenory circuit (400) of claim®6, wherein
the 2 buffering neans (520) conprises an n-channel FET (NB) and a
p-channel FET (PB) connected in series as a conplenentary MOS pair. 8. The
digital read-only nenory circuit (400) ofldl-aim 1, further 2 conprising
means for bufferi n% (520) the logic |level on the second conpl enentary

| ogi ¢ state signal 7i neT%ﬁB}gﬂfi 1 eg-oplyempyronraichis (4@) gif chaim 8j whetiein, the

28/ 07/ 2005 T. | t 00
wherei n the %&Eﬁ%ﬂ &?Eﬁrgl(%@ "@%%%)a%g%ﬁ%ﬁnpg@tﬁﬁ“é%ﬁhgﬁ% ”%?%%fE(Tcl\féja and a
p- channel FETcozaﬁ):tedmmmshedcbﬂﬂp&ﬁfmﬁﬁymaFﬁarrpl enmentary MO pair. 10. A

digital read-only menory circuit (400) capable of storing a plurality 2 of
addressabl e bits, conprising: a plurality of n-channel FETs (NR), vm'th each

n- channel FET (NR) repr the n- chann FET
(NR) being coupl ed %thﬁo(ﬁé%%éﬁgmg}' 8’1’8 R’ ta¢4§g)d%$€1§|oéﬁt8p§ge

t he sourcez of oﬁﬁﬁhes@alﬂ@mebmﬁﬁﬁngNR) 6 being connected to a gr ound
reference, the drain of each n-channel FET (NR) being connected to exactly

one of a first (B 4‘)’%WQE%’@BWW%MW@MI&W&HM@UFTET@M ate si gnal

:‘: ng | ogi cf !s{ E{es&ﬁff%eaei{g% corrp ﬁn" th?‘éﬂe)ﬁFggﬁlé) ig‘l?lggg 1%%‘3 Hglfl?ig ?nBI T)

indicating a plﬂtﬁllﬁ)e@ﬁrﬁﬁﬂduﬂggﬁalﬂla]ﬁ@mjﬂ figtsotidY 8f &Rh - Siidne] REEMN)PUt  Of
the first inverter @3 bei ng coupl ed wth 12 the first conpl ement ary

| ogi ¢ st atPe sli'%wmpﬁ or kun%ﬁefan@ed@maln@ﬁ@aqher chepue) FET (é)ibepgt  of
the second i nyari&Lq &%Qgtl)})ﬁ{enoq acfﬁrglp(b??) and second (nBIT) complementary logic

8  state signal lines, the first complementary logic state signal line (BIT) indicating a

first logic state, the second complementary logic state signal line (nBIT) indicating a
10  second logic state;
a first inverter (500), the input of the first inverter (500) being coupled with
12 the first complementary logic state signal line (BIT); and
a second inverter (510), the input of the second inverter (510) being coupled
14  with the second complementary logic state signal line (nBIT), the input of the second
inverter (510) also being coupled with the output of the first inverter (500), the output
16  ofthe second inverter (510) being coupled with the input of the first inverter (500).

11. The digital read-only memory circuit (400) of claim 10, wherein the
2 first inverter (500) comprises an n-channel FET (Nprr) and a p-channel FET (Parr)

connected in series as a complementary MOS pair.

12. The digital read-only memory circuit (400) of claim 10, wherein the
2 second inverter (510) comprises an n-channel FET (Nyprr) and a p-channel FET

(Pagrr) connected in series as a complementary MOS pair.



14 with the second conplenentary logic state signal line (nBIT), the input
of the second inverter (510) also being coupled with the outputZ%yoqbqu)05
first inverter (500), the output 16 of the second inverter (510) being
coupled with the input of the first inverter (500). 11. The digital
read-only nmenory circuit (400) of claim 10, wherein the 2 first inverter
(500) conprises an n-channel FET (NETT) ang_.a p-channel FET (PBIT)
~connected in series as a conplenentary MOS pair. 12. The digital read-only
nmenory circuit (400p. of Taka@ighal fadWasf Semoty\@reust (@D UiVl fithef 510)
conprises an n-channel FET (N' BIT) and a p-channel FET (PnBIT) connected
in series &s &OBPHPNS ﬁémddru(ffewfﬁ%m .mpzssbﬁw padbuitfen G329 Bbeimndrivingin the
read-only ne i i .40 | aim 10, further 2 conprising a read
buf fer (520)?Q@ﬁgf?%%gpkgéé?%%rgﬁgg'buffer (520) being driven by the
output of the first inverter (500). 14. The digital read-only menory
circuit (400) of claim13, wherein the 2 read buffer (520) conprises an
n-channel FET (NB) land Zhpdigitahread-oplymmemp)y cirsait (Y of claim 4 8 whereiadheg

clarm 10 fur aPuBRki0l P& Bkl FET QoL e RRRLEEY ko) e 7 cac
buffer (520) b@irﬂgtedﬁﬂy@ﬁsﬁyabﬁﬁpleméh MIIS e s_econd invertgar (510). 16.
The digital read-only nmenory circuit (400) of claim 15, wherein the 2 read

buffer (520) conprises an n-channel FET (NB) and a p-channel FET (PB)
ted i [ nml t MOS pai.r. di gi d- onl
TenDry ol reuit (405) cabiot BN S RO S Sy 5D ob el ek S Tt
conpri si ng accﬁhpﬁs@iAg' 4 dea@buffercl3a0) ee iEEJEsOf@Eéf%)aad wiftdr (S20)beRs Al tiET
0

(PR) representing a bit, the gate each p-channel FET (PR) being
coupl ed wi t h eHpulsH the ssrendinvererdp10). _

16.  The digital read-only memory circuit (400) of claim 15, wherein the
2 read buffer (520) comprises an n-channel FET (Ng) and a p-channel FET (Pg)

connected in series as a complementary MOS pair.

17. A digital read-only memory circuit (400) capable storing a plurality of
2  addressable bits, comprising: '
a plurality of p-channel FETs (Pgr), with each p-channel FET (Pg) representing
4  abit, the gate of each p-channel FET (Pg) being coupled with one of a plurality of
readout signals (READOUT), the source of each p-channel FET (Pg) being connected
| 6  to a supply voltage reference, the drain of each p-channel FET (Pg) being connected
to exactly one of a first (BIT) and second (nBIT) complementary logic state signal
8 lines, the first complementary logic state signal line (BIT) indicating a first logic
state, the second complementary logic state signal line (nBIT) indicating a second
10 logic state;
a first inverter (500), the input of the first inverter (500) being coupled with
12 the first complementary logic state signal line (BIT); and



readout signals (READQUT), the source of each p-channel FET (PR) being
connected 6 to a supply voltage reference, the drain of each p- @&nagl/ HE5
(PR) being connected to exactly one of a first (BIT) and second (nBIT)
conplenmentary logic state signal 8 lines, the first conplenentary |ogic
state signal line (BIT) indicating a first logic state, the second

conpl enentary logic state signal line (nBII) indicating a second 10 |ogic
state; a first inverter (500), the input of the first inverter (500) being
coupled with 12 tBéctanddnvesion(l]@pdhe mpyt ofdhg secondinyedernyiad) Heinpecoppled) ; and

28/ 07/ 2005, -1 i t 10). the input t he, i t
(510) bei f coui g SShe ol SobBa A i8R wilpr 851 5°EBEbe k5ol
line (nBIT), therteiaud) fo bdif SQHMWvith MEQubl ofﬁé%st%@él?tgpgd@?, teOLRHEd

w th the output of the first Tnverter (500), the output he second
i nverter {610pf teispgpnddusiriet (5340} being eouphsivitl thetihputfof thst fiishineerta(5¢H00) .
18. The digital read-only nenory circuit (400) of claim17, wherein the 2
first inverter (500) conprises an n-channel FET (NBIT) and a p-channel FET

(PBIT) connected 18 SeTh&8ighsl rad0Al iR ntuiMIBoPar Elaind 97, Wiktgeid it t al
read-only nmemory circuit (400) of claim1l7, wherein"the 2 second inverter

(510) conpti sEst ByyererdBAMMEIMIFRET FNnBhannelfl ANpr)ctrdrarechaangTFET (el T)
connected in ?Oriég as_a conpl ement ar% pai.r. 20. The digital read-only
MeMory cir cui %(lﬁ 4 ITETIEY 35 hyoaPleERten, R¥nprising a read buffer (520),
the input of the read buffer (520) being driven by the output of the first
inverter (500). 21. The did%i_tal read-only nmenory circuit (400) of claim 20,
wherein the 2 real bufThedighsosadeontp mesmwsy aimcuit @i8hoidlaiBEl7, Wigleimtihd a

B el T GRS S e o R TR e Pl 22

(PapiT) connected in series as 2 complementary MOS pair,

20.  The digital read-only memory circuit (400) of claim 17, further
2 . comprising a read buffer (520), the input of the read buffer (520) being driven by the
output of the first inverter (500).

21.  The digital read-only memory circuit (400) of claim 20, wherein the
2 read buffer (520) comprises an n-channel FET (Ng) and a p-channel FET (Pg)

connected in series as a complementary MOS pair.

22.  The digital read-only memory circuit (400) of claim 17, further
2 comprising a read buffer (520), the input of the read buffer (520) being driven by the
output of the second inverter (510).

23.  The digital read-only memory circuit (400) of claim 22, wherein the
2 read buffer (520) comprises an n-channel FET (Ng) and a p-channel FET (Ng)

connected in series as a complementary MOS pair.



2 conprising a read buffer (520), the input of the read buffer (520) being
driven by the output of the second inverter (510). 23. The digi2®07/2005
read-only menory circuit (400) of claim?22, wherein the 2 read buffer
(520) conprises an n-channel FET (NB) and a p-channel FIST (NB) connected
in series as a conplenentary MOS pair. 28/ 07/2005 -14 24. A nmethod of
storing digital read-only data as a plurallfty of addressable 2 bits, the
met hod conprising the steps_of: selectively driving (700) exactly one of a

first and second céfipl ede®edpy ofistpapg diggpliead-enlyriafa 4siamuralitiydfiadaressabley t o
- a voltage gef Sft@,@ﬁ@m@@lﬁﬁlﬁﬁ?ﬁ%,«%ﬁne%ltéifs%k‘:i ty of readout signals is active,
ogrc s

the first conplénentary ate signal line indicating a 6 first logic
state, the second sslegivelyadiivang/(700péxtic8y 8h€od Bi3ahnd dcoend Adslahbdigya second
| ogi c state, }he conp] ementary logic state signal line that is being driven

i ndi cating® 8'%HeStiggleraklings substantialy k) & veliage refereaeriwben gnafrmarlyrabivrfui t
addr essed by fdgoRSldiR is AARAOME AN ARAbient Rl MYEEL LD ofeldn tiRE LRI £ | evel

on the first conp ary logic state sign
conpl enentar yfitsoligic sitaf the séc@ndbohmpReienaRdlob: tay sighhlNihe (@M inkHsebsi@ C

| evel on the second conplenentary [ogic state signal line to drive the
first conpl en@gicstae.thgremplemenias lgaigistats signal dine thanés beingdivcofindicating 24,
further conprisi . ri . 2.1 | ogi,c level on the
first corr%l errﬂgﬁtk%gt Oéll% cCSs Ig{)feiﬁgF%ﬁﬁnWF%é%&?lréétea s ob[yhth? a&H’iegi tal
circuit. 26. rémueighald of claim 24, further conprising the step of

bufferi n% (730) 2 the loggic |level on the second conplenentary |logic state
signal |ife for udBvEnELOOHEe logir dgvehen thedfissh comphemay foghe stitemimiabCL OSURE

line to drive the second complementary logic state signal line; and

12 inverting (720) the logic level on the second complementary logic state signal
line to drive the first complementary logic state signal line.

25.  The method of claim 24, further comprising the step of buffering (730)

2 the logic level on the first complementary logic state signal line for use by another

digital circuit.

26.  The method of claim 24, further comprising the step of buffering (730)
2 the logic level on the second complementary logic state signal line for use by another

digital circuit.



LOW VOLTAGE DIG TAL ROM CIRCU T AND METHOD A circuit and nmethod of.
inplementing a digital read-only menory (ROM utilizes a means 2®/07/2005

selectively driving (410) one of two conplenentary |ogic state signal |ines
(BIT, nBIT) to a voltage reference upon a readout signal (READOQUT) for an
addressabl e bit becom ng active. Each eyl ementary | ogic state signal |ine

(BIT, nBIT) represents one of two logic states. The logic state of the

addressed bit is determ ned by which of the two conplenentary logic state
si gnal |ines (BBITRABI TOF | BHE diiSECEMHSUREe | ogi c | evel of each conpl enentary
logic state signal line (BIT, nBIT) is then inverted and driven (420) onto
the other so that both signal lines will be driven to their proper logic
st at e, therebyL‘éWrg%%GﬁllPWéffAé-l BRM GIRGBIT ANJe NEBHOD n ascertaining the

| ogic state of the bit being addressed. FIG 5

A circuit and method of implementing a digital read-only memory (ROM)
utilizes a means for selectively driving (410j one of two complementary logic state
5  signal lines (BIT, nBIT) to a voltage referenge upon a readout signal (READOUT) for

an addressable bit becoming active. Each complemeﬁtary logic state signal line (BIT,
nBIT) represents one of two logic states. The logic state of the addressed bit is
determined by which of the two complementary logic state signal lines (BIT, nBIT) is
driven. The logic level of each complementary logic state signal line (BIT, nBIT) is

10 then inverted and driven (420) onto the other so that both signal lines will be driven to
their proper logic state, thereby allowing either signal line to be used in ascertaining

the logic state of the bit being addressed.

FIG. 5



