BACKGROUND OF THE INVENTION 5 In order to increase the functiom%

of digital integrated circuits (1Cs), |C designers necessarily 1
progressively smaller geonetries for netal-oxi de- sem conductor field
effect transistors (MOSFETs, or FETs) and other |1C devices so that nore
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signal line is then an input for
power supply voltages. Unfortunately, the use of a lower power supply voltage
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typically reduces the available amount of voltage margin, which allows an IC to
operate propeﬂy 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 » 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 QUT
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.



with that bit of the data word to be read. Thus, the outputs of all signal
buffers 120 «collectively represent DATA, the mbit data word currently
being read. -2- FIG 2 shows ROM bit 110 and signal buffer 120 in greater
detail. ROM bit 110 is inplenented by a single n-channel FET (NFET) NR, 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 5 supply voltage reference VDD via power
supply connection 240, dependi ng on which f the two logic states, LOWor
HGH is to be represented by ROM bit 110. "YWien READQUT. is H G4, NR turns

ON, allow ng the vol t t urce of NR to pa .to OUT sign jhe
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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

READQUT is in the LOW state, thus maintaining low overall power consumption
for the ROM. | . '
Unfortunately, as smaller device geometries are used for the ROM to 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 Vorr substantially 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 N, or Voy, because the
voltage on READOUT at the gate of Ny is essentially the same as that at the source,

25  causing Ny to drive a weak logic HIGH level. As seen in FIG. 3, Von 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 HIGH level. As seen in FIG 3, VON nay
not be nmuch higher than Vim the threshold voltage at which signal buffer
120 perceives the voltage on QUTy as a logic HHGH instead of a logic LOW
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 -3- inplenenting snmaller device
geonetries. Thus, variations in the |IC manufacturing process, along with
variations in the operating tenperature and_power supply voltage of the

| C, may cause VON to drop below Vim thereby -causing inproper operation of
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of each 20 | ogi t Langl line is inverted and driven onto the opposing
| ogic state si é’%ﬁéﬁgﬂﬁé’%‘ 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 dfate signal lines needs to be nonitored to deternine

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 complementary 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 inay be
read. The logic state of the ROM bit being read is indicated by which of the
complementaryllogic 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
digital 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



the proper state of the particular ROM bit being read. 25 Qther enbodi ments
of the invention take the formof a nethod of storing digital read-only
data as a plurality of addressable bits. First, one of a pair of

conplenmentary 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 -4- the ROM bit being addressed by the
active readout signal. Each of the conplenentary |ogic state signal |ines
I's then inverted and driven onto the opposrﬂg | ogic state signal line so

that both lines are driven to their proper state, no matter . which is being
driven direct | yhaRQMbitheing atdressed by theyastiversadant signgh dfach ofthsy ng for 5-
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I nvention. 20 ﬁil%m%nﬁgﬁg@ﬁ%hﬁtgégﬂﬁ‘?ﬁig§ .quve%llii?fg.ter detail of the

ROM bit and inversio arc cture of FIG 3,
using a single NFET for the ROMbit. :

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  signal buffer circuits of the ROM architecture of FIG. 1.
FIG. 3 is a waveform diagram displaying the vo'ltage margin associated with
the prior art ROM architecture. _
FIG. 4 is a block diagram of a ROM architecture according to an embodiment
of the mvenﬁoﬁ.
20 FIG. 5 is a schematic diagram showing greater detail of the ROM bit and
' inversion.block circuits of the ROM arcﬁitechne 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 circi;ité of the ROM architecture of FIG. 3, using a single PFET for
25  the ROM bit.”
FIG. 7 is a flow chart of a method of storing digital ROM data according to an

“embodiment of the invention.



FIG 6 is a schematic diagram showi ng greater detail of the ROM bit and

I nversion block circuits of the ROMarchitecture of FIG 3, using a single
PFET for 25 the ROMbit. FIG 7 is a flow chart of a nmethod of storing
digital ROM data according to an enbodi ment of the invention. .-5-

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The overall ROM
architecture for an enbodi nent of the invention is displayed in FIG 4.
Instead of a single output for each ROMbit 110 (fromFIG 1), each new s .
ROM bit 410 has two conplenentary logic state signal lines, BIT and nBIT.
Simlar to.the prior art, each colum of ROM bits 410 corresponds to a,
particular bit of a data word to be read fromthe ROV Each bit 410
within a parti &EM%@P@ES@%IPTIQN OF ditr PM&M&M@OQ}B@@%& ate
readout signal READOUT. As a result, BIT and nBIT of each ROM bit 410 of a
particular colum are tied together and used as 10 input for an inversion

bl ock 420, the out purheddverdll ROM ardhitectdmtfar amémbodibiennoDAE Anventiohds displiyed
fromthe ROM FIG 5 shows specific enbodinments for, ROM bit 410 _and
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540 i s made. Eltblﬂ&f mwgeactmcrblﬁaﬂoﬁkmﬂblts 430 ﬁ&d&poﬁdmddmﬁauarmeseﬂaa
of both connectlons 530 and 540 is_not &gﬁpﬁ Readout sj gnal READQUTX,
connected to t HEorg4e 133 sgadnrom fapROM cEa bit 419 within A Particilar sglumn s

251, ] it G it AR08 okt

BITy or nBITy i's ven Tsubetan erence
attached to t h&n&@ﬂl@‘e’feﬁc}i\l&)hﬂbhand iofig pafnchhe cblugincars tiat eoguither lantiised as

represents by way of connectiaons 0 and 540. Hence, either BIT nBl Ty
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not driven to 3RY.LfkEbinGHE ROMO! t age.

FIG. 5 shows spéciﬁc 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, either BITy or nBITy is driven substantially to a ground reference that is

20  attached to the source of Ng, depending on the logic state which Ny 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.

BITy and nBITy from a particular column are used as inputs t(; an inversion
block 420, which comprises two cross-coupled inverters, first inverter 500 and second

25 inverter 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 Npyr, while inverter 510 utilizes Pypir and Nygir. Other inverter circuits not
discussed. herein may aiso 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



Bl Ty and nBI Ty froma particular colum are used as inputs to an inversion
bl ock 420, which conprises two cross-coupled inverters, first inverter 500
and second 25 inverter 510. In the enbodiment 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 PBrr and NBIT, while inverter 510
utilizes PBBIT and NnBIT Qther inverter circuits not discussed herein my
also be utilized. Inverters 500 and 510 allow the logic state signal |ine
that is not driven by NR to assune the propgr conplenentary logic state -6-
di-spl ayed by the logic state signal line befng driven by NR For exanple,
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by NR Hence,  Btnhécticn 530)BH {siriveh Tubstamtiltt groafid,aekile WBIT, heimd@ansi t e
|l ogic state for ROMbit xy fromthat shown 1 n the previous cCase. In this

enbodi ment , anflasting: iKirshinvear S (0 thew takpss the O Wiisgicstate af By asdrputotndy 3.5
third i t 520. ' fl | '
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inverter 520, HR@HNIincutOdrivihde DOBWdack bnfolBITY, wikidh is ctnmpatibleith ke Rati
stored in the ROM O her t%/Bpes of buffers such_as_a noninverting buffer,
may al so be usheingforeedontgBITnby Nri Aleaee,B1Ts S0LOVEwhile aBkhy is HIGH, tgflecting

inverter 520, §lo HBYsi1BE stk for WoMWil £) ol thiPshoW in e HEGRRUS 3hse.
In this embodiment, an additional read buffer is implemented in the form of a
15  third inverter 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 BITy or nBIT,
can be used as the DATA, output.

A benefit of this embodiment and others is that NFET Ny will be turned ON
completely, thereby preventing voltage margin problems. When READOUT, is
HIGH, the voltage on the drain of Ny will not be higher than the READOUT signal

25  voltage on the gate of Ng, whether nBITy connection 530 or BITy connection 540 is
present. Thus, regardless of which connection is made, either BITy or nBIT, will be
substantially driven to ground, allowing either of first inverter 500 or second inverter
510 to be driven properly with sufficient voltage margin to protect the operation of

the circuit against variations in manufacturing processes, operating power supply



20 depending on the particular ROM application. In this instance, either
BITy or nBITy can be used as the DATAy output. A benefit of this

enbodi ment and others is that NFET NR will be turned ON conpletely,

t hereby preventing voltage margin probl ens. When READOUTX is H GH, the
voltage on the drain of NRw |l not be higher than the READOUTX signal 25
voltage on the gate of NR, whether nBI Ty connection 530 or BI Ty connection
540 is present. Thus, regardl ess of which connection is nmade, either BITy
or nBITy will be substantially driven to ground, allow ng either of first
i nverter 500 or second inverter 510 to be driven properly with sufficient
vol tage margin,Lp, r&’xh?@er&tﬁx t&?l?%ﬁﬂr&nA%itiohE‘%}b%é Qxfébﬁdiﬂf%?{ SFFIQ.Y dﬁs%& RONS
i n manuf act uri ng ptr bcesses, erati ng power supgly -/- voltage, an
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single NFET as_in the prior_art circuit of FIG 2, providing a )
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Anot her enhbopdi pHed arptirédie | nvention involves a ROM bit based on a PFET PR,

as shown in FIG 6. The source of PR is connected to VDD, and READOUTX is
active when placed #Amothesembpdimsgt of the dnvention &volyesia R@Mbitbased oxrg REET vel v

shuts OFF PR eyt I NnBl Tyni ed io
substantial |y ?@%ﬁm@%@?&# V\,theet%@rk lggénfﬁggﬁﬁggDPb#%ié@gﬁTﬁ
connection 648ctive whehSstaded idshell OW6 1dgic stete! NMienBIGHPREABIOY Ty efféctizeBt ai n
a voltage close to VDD hecause the voltage ,.being close to

on READCUT, , .
the ground ref SeHOEF BireWher READOYTy gogsd - QWaeither BTy or nRERy i ferced ai n or

source voltage in difo ' o
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500 or second 64visrgresent 18s a resajipeithiey BIY, or nBIdY will ahstginusvolfags blose té Wph he

enbodi nrent of FIG 5, either BlLIy. or. nBl Ty will be driven H GH, .
ecause the vo{tage on REXD(S % bel¥1g close to the ground reference when active,

will be Iower than either the drain or source volt‘age of Py, causing Py to be
completely ON. Thus, no voltage margin problem will exist when either BIT, or
15  nBITy drive first inverter 500 or second inverter 510, respectively. In an analogous
~ fashion to the embodiment of FIG. $, either BITy or nBITy 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 being driven by Pr. Conversely, when nBIT, is HIGH due to nBIT connection
. 630 being present, second inverter 510 forces BIT, LOW, which then causes first
inverter 500 to drive nBIT, HIGH, along with .PR. With both BITy and nBIT, being
driven to their proper logic states based on nBIT connection 630 and BIT connection
640, either BITy or nBIT, can be used as the output signal for ROM bitx,y. Also,
25  third inverter 520, or a noninverting buffer, may be used to buffer either BITy 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.



whi'le the opposing signal line will initially remain undriven. Wien BITy is
HGHas a result of BIT connection 640 being made, first-inverter 500
drives nBITy LOWN which, in turn, causes second inverter 510 to force BI Ty
H GH, in agreenent with the 20 | evel being driven by PR Conversely, when
NnBITy is H GH due to nBIT connection 630 being present, second inverter
510 forces BITy LON which then causes first inverter 500 to drive nBITy
H GH, along with PR. Wth both BITy and nBI Ty being driven to their proper
| ogi c states based on nBI T connection 630 agd BIT connection 640, either
BI Ty or nBI Ty can be used as the output sighal for ROMbit xy. Also, 25
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to drive the ostatgsigaahbinesis mgwrmegnblexn thedogis stateo wbﬁltheecomglﬁmestaaye

t 710 d, 720 | t, nt tat
| nesar o M v Haie e RS ysriat by G p 35 Bbolonapter g i By |
being sel ecti bﬁb&slﬁub%ie@ta%(s&pé 730 bid 720)! A aa&sult/%oﬂﬁ@dmémanﬁﬁaiogl&sta er
conpl enentary |0gic ate signal line could then be buffered, if

necessary, for signal ly;cs(gmémve@ tp &g proper(legie state, regardless of which is  actually being
selectively driven as a result of the active readout signal. Either complementary logic

state signal line could then be buffered, if necessary, for use by other circuitry (step
15  730). However, depending on the particular application, such buffering may not be
necessary or desirable.

From the foregoing, thé 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.



i5 730). However, depending on the particular application, such buffering
may not be necessary or desirable. Fromthe foregoing, the enbodi nents of
the invention have been shown to provide a ROMcircuit and nmethod that are
particularly useful in |ow power supply voltage environnments. O her
specific circuits and nethods enbodying the invention 20 are al so possi bl e.
Therefore, the present invention is not to 2@ l'imted to the specific
forms so described and illustrated; the invention is limted only by the
claims. -9- CLAIMS What is claimed is: 1. A digital read-only nmenory
circuit (400) capable of storing a plurality 2 of addressable bits,
conpri si ng: neagEAﬁq? sel ectively driving (410) exactly one of a first

n 4

(BIT) and seco nBI T) compl enentary |l ogic state signal |ines
substantially to a voltage reference when one of a plurality of readout
signal s ( READQUT) i ctive,. the first 6 conplenmentary |ogic state signal
line (BIT) indicatiny at¥¢fAPed i c state, the second conplementary | ogic
state signal line (nBIT) indicating a second logic state, the 8
conplenmentary logic state signal line that is being driven indicating the

| ogic state of the bit oA digital readebniyningmoeyncirquit@0@)capablddf stosing aylutaliey
active readout sjgnal; first peans for inverting (500) the logic |evel
on the firsé cdﬁlﬁgg‘ﬁéﬁ‘t’i‘%}{% 6YreS8%at e signal line (BIT) to drive the
second conpl enent ar ymggglfgrsceq&gi@e@l Gﬁexjagtl)ﬁﬂﬁéa_ﬁ

i  fifse ﬂ?%ﬁ& ns
for inverting (510) the logic |level on gtq#e second corrpa} erreﬁ%a y %Z ogi c
state signak | i(mBIT®@nplementaryi logictstate $ignal linepsybistantialiyatoya valtaige referdnee

T Ther el n-t ho Whiagaf AR wplfhotipadsi nas (REEBESIPs pveoteighanne!  FETs
(NR), wi th gachofptéiacktfty logic state signal line (BIT) indicating a first logic state, the second
' complementary logic state signal line (nBIT) indicating a second logic state, the
8  complementary logic state signal line that is lbéing driven indicating the logic state of
the bit of the read-only memory circuit addressed by the active readout signal;
10 : first means for inverting (500) the logic level on the first complementary logic
state signal line (BIT) to drive the second complementary 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 (NR), with each n-channel
FET (Ng) representing a bit, the gate of each n-channel FET (NR) being coupled with
4  one of the plurality of readout signals (READOUT), the source of each n-channel
FET (Nr) being connected to a ground reference, the drain of each n-channel FET
6  (Ng) being connected to exactly one of the complementary logic state signal lines
(BIT, nBIT). |
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FET (NR) representing a bit, the gate of each n-channel FET (NR) being
coupled with 4 one of the plurality of readout signals (READOUT), the
source of each n-channel. FET (NR) being connected to a ground.reference,
the drain of each n-channel FET 6 (NR) being connected to exactly one of
the conplenentary logic state signal lines (BIT, nBIT). 11111111111111
1111 1112111211111 6 L MS _10- 3. The digi t% read-only nmenory circuit
(400) of claim1, wherein the 2 selectively*driving neans is a plurality of

-channel FETs (PR), ,w th_each.p-channel FET (PR resenting.a bit, the
gate of each p-((:ha)nn%fl FE-'T'ﬁ? &%QUQP‘%Q%W%C&WF%(JOEBS&MHP 1, hersinhe ¢ y
of readout sjgn . : € I '

connectod t & o ety vildmeddid 3 BrARy B pRAEhPFERRAG, witt Cadtlpkpaficld

(PR) bei ng connEET €Rk)trepresemting p bim theghtet dfeactoprohamehFET (PR )dging sdupfied withnal
lines (BIT, nBIT).. 4. The digital read- circuit 00) .of c¢laim
L Meher oin e onekitihs pioRey oF gl iedeis BEATIEIR Yascuiie qf ceraRisbnnsiy
(NBTT) and a p-pRRMASIbelzlconhERdto £ 55 ' e i d y
MOS pair. 5. The di@;lﬁt glrérceoad-only rreﬁg y gg%éc%lft %Ooeq%?lﬁgﬁggﬁggﬁ erein
the 2 secorsd | RWE(PR)bgingsamaeqtéd ©)exactiypornesdsheacompleinentast logicTst{tbisigha) limesd
a p-channel FE@&P, T) connected in series as a conplenentary MOS pair.
6. The digital k! y menory circuit (400) of claiml, further 2
conprising nmeans for buffering (520) the logic level on the first

conplenmentary logic state signal line (BIT) for use by another digital
circuit. 7. The digi4.al r€beldigithreadoplyymenorygircuit (400) obélairh 4j whereimther ei n

a8 Rk 8o A0 e T e e e P

(Psrr) 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 (N5r7) 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 lbgic level on the second complementary

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

A



8. The digital read-only menory circuit (400) of claim1, further 2
conprising neans for buffering (520) the logic [evel on the second
conplementary logic state signal line (nBIT) for use by another digita
circuit. 1111111 I111U 01111 Il 101 Ms -11- 9. The digital read-only
menory circuit (400) of claim8, wherein the 2 buffering nmeans (520)
conpri ses an n-channel FET (NB) and a p-channel FET (PB) connected in
series as a conplenentary MOS pair. 10. Adigital read-only nenory circuit

(400) capabl e of stqring pl.ural it 2 of addres 1S, oCoppriskng: a
plurality of n-chanrfel Fé&%e %&@,feﬁ?ﬂyg&&?%PﬁﬂgﬁQ@bf&%ﬂ%W relthe™
representing a yfering BRafP{s20PéorBmess An AltARMRI FEF(NG)NRId B pldhansd HETEPR) t h
one of a plurality of readout signals (READOUT), the source of each

n-channel FET (chmjectedisisemiesasarompementary MOS et r ef erence, the drain of
each n-channel FET (Nit) being connected to exactly one of a first (BIT)

and second (nBIT) conplementary logic 8 state signal lines, the first
conpl enentary | ogic 19t at es digiiapteatiionty mBnddy diRAItqADO) Wpable bf stdting APl6rality
state, the second conpl enentary logic state signal I'ine (nBIT) indicating a

10 second | agi ©f eddressable Hifsy eomprising:t er (500), the input of the first
I nverter (500) bein oupl ed. Wit h h Irst c l.ene Ic state
signal line (BIT); %ﬁguri‘ﬁbegfcfﬁﬁhﬂnﬂmtsrﬁé’l%ﬁh eﬁcﬁlglzfmﬂfnf@’ypﬁ@gs_econd
inverter (540) rhftasitia®dpitcthe ghfe of dabh hithamRL PEY (NQ]"BéiﬁgEBﬁIﬁéd/“ﬂitﬁgin_@ ofaat e
signal line (nBI'T), the input of the second inverter q&;lenlo al so bei ng
coupl ed with t puralitymfireasiout signgls (READQLER): the spwme pf ea -Q%RTIPQEFEB M8) t he
second inverter (51 bei cO ] €.1:0p f e fi | r.ter
(500) . 11° brndetmsopartrd MR eteheh HURHRRY bady SBfuok| ERT AR BGHE! o
the 2 first inygidctdd to2REotlycaterifiaast @IT)arkd vl (WBET) cMBpIEmenfady Rogic
p- channel FET (PBIT) . ) . . o
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 of the second inverter (510) being coupled with the input of the first inverter (500).

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

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 (Nygrr) and a p-channel FET

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

A



connected in series as a conplenentary MOS pair. 12. The digital read-only
menory circuit (400) of claim 10, wherein the 2 second inverter (510)
conprises an n-channel FET ( nBIT) and a p-channel FET (PfBIT) connected
in series as a conplenentary MOS pair. LILELEL THELED ML HE 1 110 VL * C
L MS -12- 13. The digital read-only nmenory circuit (400) of claim 10,
further 2 conprising a read buffer (520), the input of the read buffer

(520) being driven by the output of the fit3t inverter (500). 14 The
digital read-only mepory circuit (400) of claim13, wherein the read

buffer (520) conpriskd an The digiiatrepd-nhly meugry sirquit (400) 108 slaém ﬁEfPr(*PB)

moory oi rodh © (RO SR P 2P e R STt road Butrel o) Btk 676
the input of theutpwasd tiefifseinveddQB00ei ng driven by the output of the

second inverter (510). 16. The digital read-only nenory circuit (400) of
claim 15, wherein the 2 read buffer (520) conprises an n-channel FET (NB)

and a p-channel FET {pB) | t.ar

17 A G gital read- ofly noieFRREL B LRIhS SR (ARTBEERRA S Ynih BB,
2 addr essable bichd buﬁ'éﬂ’(ﬁﬂﬁ))sddﬁginsas @i tHchhnriey FBT (Npratai g lch&nEs FEPRPg) W t h
each p-channel FET (PR) representi ng 4 a bit, the gate of each p-channel
FET. (PR) bei ng to80pHedingeriss ahaComp nﬁP@FSéMQ%/P readout signals
(READQUT), -t he source of each p-channel FET (PR) being connected 6 to a
supply voltage reference, the drain of each p-channel FET (PR) being
connected to exact|15.0neThd digithl resd-ofBinigmerydirseit (409) o Blai 10fipiherent ary

| ogi c state signal lines, the first conplenentary logic state signal |ine
(B?T) i ndi c&% i %@r@prfsmgsq repgg}gg“ JSZO), the mput of the read ¥>uffer (520) being dnvegn by the

output of the second inverter (510).

16.  The digital read-only memory circuit (400j of claim 15, wherein the
2 read buffer (520) comprises an n-channel FET (N3) 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 plurahty of
2  addressable bits, comprising:
a plurality of p-channel FETs (Pg), with each p-channel FET (PR) representmg
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 (PQ being connected
6  toasupply voltage reference, the drain of each p-channel FET (PR) 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
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stat‘e, the second conplenmentary logic state signal line (nBIT) indicating a
second 10 logic state; a first inverter (500), the input of the first
i nverter (500) being coupled with 12 the first conplenmentary logic state

signal line (BIT); and 111J1 I1ll 11 NC S -13- a second inverter (510),
the input of the second inverter (510) being coupled 14 with the second
conplenentary logic state signal line (nBIT), the input of the second

i nverter (510) al so being coupled with t he -d tput of the first inverter
(500), the output 16 of t.he sec i pverter %510) hei ng coupled with the
i nput of the first iﬁé&?‘l“éﬂn\(%%?%_iéﬂew&taf £ sedond dayerten (34 Orbrizgcoupledui t

(400) of claim ' , ol I |

- channel Far ( Nap O RE8nd cOiflementaly Bl HEsiael i ABIPR BB B EetHle secong
conpl enent ary MiSepai (510)i4lso B¢ing doupledawith dacoutphtyof v sy inverte (iS00, ‘HQ@butEﬁt
claim17, V\,hereiP t he .secon? i%e,rter (5&0)_ conprises_an n-channel FET
(NI,B .) antf a Priogs ipyerter (H,0) being cgupled with theinpat ekthe fist inverter (500).
conpl ementary MOS pair. 20. The digital read-only nmenory circuit (400) of
claim17, further 2 conprising a read buffer (520), the input of the read
buf fer (520) bei ng di8.venThy digite! readioplyt medotyheirchitr(400)i of\ctiinel7, (WHfdin thl -

The digital reagd-only ne circuit (400 claim 20, wherein_the 2 read
buffert(32§))2 co ﬁf&’égeraﬁghfmé b a‘Fé’F?‘P%QB’j%gﬁ‘nggbﬂﬁ&ﬁr@md _m@t fE(rF@)CI;IT) I

connected i n sSegdRsctdd ifscrRERS §05% Ems .. 22, e digital read-only
menory circuit (400‘): o% claim17, ?%ﬁéﬁgg coh%lf'i sing a read buffer (520),

the input of the read buffer (520) being driven by the output of the -
second inverter (510 23, The.djgi tal. read-onl, nory circuit (400) of
ol ai m 22, - wher ei E] t hi9. ~The glfgf r%a&-only memory cu¥:u1q?400)¥)f claim 17, w&-xereir)l the

2 second inverter (510) comprises an n-channel FET (Nygrr) and a p-channel FET

(Pugrr) connected in series as a 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 (Pr)

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.
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2 read buffer (520) conprises an n-channel FET (NB) and a p-channel FET
(NB) connected in series as a conplenentary MOS pair. | 1111

111111121011 11212 11 11121 L M-14- 24. A nmethod of storing digital
read-only data as a plurality of addressable 2 bits, the nethod conprising
the steps of. selectively driving (700) exactly one of a first- and second
conplenentary 4 logic state signal |ines sggstantially to a voltage

ref erence when one of a pIuraIity of readolf signals is active, the first
conpl enmentary | ogi c_stat a, 6 fi

I di t at
the second conpl emefifary IB gggfsatlf’gg%h%ﬁlf é‘ﬁgly%%ﬁpﬁ&l gtﬁ%‘ﬁﬂgsla c
state, the gonp serﬁferﬁ,og@ﬂhgdlc gﬁ51§§g{e%@sg,@al line that is being driven

~indicating 8t | c stat the bit of the read-only nmenory circuit
addressed by the acSelmﬂ:tveberh‘dnng (H0Y exeddctly dbe ofmﬁrstlan@s@bnd):ompksmam@rg | evel

the f t I i t [ | to.d h
ol ement o y gk SA%E oignal lineg AubstiERLY 155 4o taee Elriice Rip P36 pF ¢ LAY &
I I th | I
evel on the sgeand s i€ IRRea s Ar8ido WI_I glstatd é1%%tét1ﬁ3? @qulaﬁufgfhe

first conplementary logic staté signal he et al m-24,
further congri fishipgihstate] the sedonkiwanpiamng;ttf(ry Bipic statetsignal tine indicating acecdrite

first conpl enmentar Ioic state si l.i ne, for.use by.anot It al
Circuit. 26, THE o Goimpinentaon OB I SEUE iR et pog e jidifaring
buffering (¢30e 18git Bﬁté &h&bit%fﬁie :@5&1—615!? nﬁﬂ&?%&ﬁﬁﬁh&%’s@&% Yhd 241 v% state
signal line for use by another digital Circul 1111171111111211 1 [
111 N G readout signal,; '

10 inverting (710) the logic level on the first complementary logic state signal

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 thelogic level on the second complementary logic state signal line for use by another

digital circuit.
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