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DRIVER CIRCUIT FOR ADDRESSING CORE
MEMORY AND A METHOD FOR THE SAME

RELATED APPI .ICA’IIONS

This is a divisional of application Ser. No. 08/487,841
filed on Jun 7, 1995, U131 Pat. No. 5594.696, which is a
continuation in part of application Ser. No. 07/912,112
entitled VLSI Memory with Increased Memory Access
Speed, Increased Memory Cell Density and Decreased Para,
silic Capacitance, filed on Jul. 9, 1992, which issued as US.
Pat. No. 5,241,497, and which in turn is a tile wrapper
continuation of application Serf NtL 07/538,185 filed on Jun
14, 1990. and now abandoned. This application is also a
continuation in part of application Ser. No. 08/016,811,
entitled Improvements in a Very large Scale Integrated
Planar Read Only Memory, filed on Feb. I], [993, which
issued as US. Pal No. 5,459,693. Each ol‘ the foregoing
referenced parent applications are explicitly incorporated
herein by reference,

BACKGROUND OF THE INVENTION
1. Field of the Invention
The invention relates to the fteld of semiconductor memo-

ries and in panicular to memory cures for read only memo, 7
ries (ROM, EPROM) or flash memories (EEPROM).
Specifically, the invention relates to improvements in a
method of precharg'ing a memory core, sensing of the data
lines in a memory core, and address decoding ofthe memorycore.

2. Description of the Prior Art
Grounded Memory Core Design and Methodology
Architectures for very large scale integrated (VLSI)

ROMs using virtual ground lines and diffusion bits lines to
access banks of core cells are well known Descriptions of
such architectures can he found in Okarla, eta]. “'18 Mb
ROM Design Using Bank Select Architecture," Integrated
Circuits Group, Sharp (.‘urp. However, such architectures are
subject to several limitations and drawbacks as a discussed
in the parent applications of this application and as me
implicitly further detailed in the brief summary below
wherein the improvements of the invention of the prior art
and over the art of the parent application are esplainedt

Differential Sense Amplifier
Although not prior artI the parent application shows a

sense amplifier approach using a current mirror. Aschernatic
drawing of this previous sense amplifier is presented in FIG.
21 of the parent, which is reproduced here as 13le 5, since
many of the improvements of the invention are best under-
stood in comparison In the design in the parent applicaliuni

Both approaches List: the same clocking signals and have
the same timing. Also. both approaches amplify voltage
differences of about 0.15 volts. The previous design ampli-
fies voltages that are close to 213 volts with dill'crcnces of
about (1.15 volts.

The current mirror approach used in the previous design
loads the differential amplifier output nodes with an unbal-
anced capacitive load. This unbalanced load favors one sideof the latch over the other side of the latch. It would be
possible to add capacitance to the previous design to bal-
anced the nodes, but extra capacitance slows the latch and
reduces the transient response of the latch.

Because of the small difference in voltages being sensed,
small imbalances in the previous design of the ditl'ercntial
amplifier may have a large enough ctl'ect to cause the
differential amplifier to fall into the wrong state.
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2
Virtual Ground and Bit Line Decoder
A design for a Virtual ground and bit line decoder is

described in the copending parent application in connection
with FIGS. 18-20 (N387). Another design for a virtual
ground and bit line decoder is shown in L‘Operttling applica-
tion NUSl-D in connection with FIGSI lw-Zi

A previous interlock method was used in the CMOS 4
Megabyte ROM circuit. A schematic diagram of a previous
interlock method is presented in FIG. 8.

The designs iii the parent application both show
approaches to decoding virtual ground lines and bit lines in
a ROM. These previous decoder circuits are similar to the
present decoder circuit, but the methods of decoding aredifi‘crent as will he described below.

The interlock method shown in FIG 8 is an example of
a previous interlock method. The present interlock method is
an improvement of this design.

BRIEF SUMMARY OF THE INVENTION

Grounded Memory Core Design and Methodology
The memory core design of the invention is diagrammatie

caliy shown in the chip layout depiction of FIG. land in the
corresponding schematic of FIG. 2. The operation of the bit
lines and virtual ground lines of the circuit of the invention
as shown in FIGS. 1 and 2 is very different from that
described in the copending parent of this application. The
operation of the polysilicon word lines, WLl—WI.n, or the
ptliysilicon select lines I35, (TA, and (TB are the same as
described in the parent, which is expressly incorporated
herein by reference, and therefore will not he described in a
detail greater than necessary to provide contextual support in
this specification,

There are at least live separate impruvernents in operation
for the invention First, the bit lines and virtual ground lines
are all precharged to ground instead of being precharged to
an internal low supply voltage of about 2 volts. In the parent
application, the internal low voltage supply or prechttrge
voltage is referred to as VPC. The VF(‘ voltage is not
required for the invention.

Second. the operation of the virtual ground lines in the
parent was to first precharge all virtual ground lines to VPC,
then select one of the two virtual ground lines for the
selected hit and switch it from VPC to ground. The second
virtual ground line for the selected bit remained Iloating at
the VPC voltage level.

In the invention, both of the two virtual ground lines are
selected for the selected hit and both selected virtual ground
lines are driven to ground during the prechargc phase. At the
top of the memory array, all virtual ground lines in the
ntemory array are prcchargcd to ground during the precharge
phase. Next. during the sensing phase, the operation of the
two virtual ground fines for the selected bit is changed to
selectively hold one virtLIa] ground line atgruund and switch
the second vtrtua] ground line to a positive voltage. This is
accomplished by means of a modified virtual ground linedecoder and driver which are new with the invention.

Third, the operation of the bit lines in the prior art is to
prechurge all bit lines to VP(‘, and the then the selected bit
line ' discharged toward ground if the selected memory core
I-‘li't' s programmed with a low threshold voltage. If the
selected memory core PET is programmed with a high
threshold voltage, the bit line remains floating at the VPC
voltage level.

In the invention, all bit lines are precharged to ground
during the precharge phase. In the following sensing phase,
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the selected bit line is driven positive by the selected
ntemory cure FET if it is programmed with a low threshold
voltage. If the selected memory core PET is programmed
with a high threshold voltage, the bit line remains floating at
the ground level, or it may he held at ground by means otthe
second virtual ground line, which is held at ground, and low
threshold core FETs, adjacent to the selected core FET,which are connected to the selected word line.

Fourth, a core FET programmed with a low threshold
voltage is used to define a logic zero at the ROM output, and
a core lili'l' programmed with a high threshold voltage is
used to define a logic one at the ROM output. By these
definitions, the total diffusion capacitance on a virtual
ground line is minimized when the memory cells connected
to the line are programmed with more logic zeros than lUgit:
ones. The definitions take advantage of the l'act that a core
FET programmed with a low thrcshold voltagc, a logic zero,
has a significantly lower diffusion junction capacitance.
Also, the definitions take advantage of the fact that unused
code space in a ROM code pattern is usually titled with logic
zeros, and that some ROM code patterns, like a font code for
generating alphanumeric characters, have more logic zeros
tltan logic ones in the total code pattcm.

Fifth, the memory con: as illustrated in FIG. 2 is not the
only cure circuit which can be used in the grounded core ’
operating mode defined by the current il'IVcl'lliOI'l. ()ther
memory core designs which are compatible with the E0],
lowing circuit functions can be used, such as:

l) a voltage sensing or current scnsc amplifier;
2) a virtual ground line decoder circuit which selects hoth

virtual ground tines V611 and VGLZ associated with
the selected main bit line hit line;

3) a virtual ground line driver circu it to drive both 01' the
two selected metal virtual ground lines, and it a prc~
charge phase is used, both of the two selected metal
virtual ground lines are driven to prcchztrge ground
level, then, during the sensing phase, one of the two
metal virtual ground lines is held at ground and the
other of the two metal virtual ground lines is switched
to a voltage source; and

4) It' a precharge phase is used, a precharge circuit is used
[0 drive all metal virtual ground lines and metal bit lines
to ground during the precharge phase. During the
sensing phase, the prcchargc circttit is turned olf.

Changing the operation of the memory core from the
protocol described in the above referenced parent applica-
tion to that of the invention provides significant advantages.
First, the low voltage supply, VPC, is eliminated. Some
ROMS, having 8 megabits or more, may have a standby
current specification of 100 microamperes maximum from
the VDD supply voltage. Prior ar1 [ethnology of maintaining
an 8 megabit memory core at the VPC voltage during
standby is impractical due to the junction leakage current
drawn by the memory cnrc arrays in thc ROM.

Using a memory cure precharged to ground eliminates
VPC and resolves the standby junction leakage current
problem. Using a memory core without a precharg'e phase
and with current sensing as defined by the invention climii
nates VPC‘ and resolves the standby junction leakage current
problem.

Second, in the invention the selected bit line is driven
positive by the selected memory core FET if it is pro,
grammed with a low threshold voltage. The current from the
selected core FET supplies the current to charge the bit line
capacitance. It also supplies the selected memory more sector
junction leakage current and supplies Charge to compensate
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for negative noise voltage capacitively coupled to the bit line
from the core prcchargc clocks turning olf.

In the designs described in the parent application refer,
cnccrl above, the bit line may remain floating at the WC
voltage level during the cure sensing time, it' the selected
core PET is programmed with a high thShold voltage. 'l‘o
supply the selected memory core sector junction leakage
current, and to supply charge to compensate for negative
noise capacitively coupled to the bit line, a circuit, such as
[he one shown in FIG. 4 of the parent application is
necessary.

This type of circuit is not needed in the invention.
Elimination of this circuit provides a significant improve,
rttcnt in the sensing pertomtancc ol‘ the invention. The
circuit provides a small pull-up current to the selected bit
line to compensate for both negative capacitivcly coupled
noise and core junction leakage to the grounded memory
substrate. When a selected memory cell switches the bit line
toward ground, the memory cell ntust also switch the small
pull-up current to ground. The "bit-low" switching time and
voltage level is achieved more easily in the invention than in
prior types of designs for ROMS using this type of circuit.

Third, a ROM utilizing the invention can operate with a
VDD supply voltage of 3 volts because the memory core is
prccharged to ground. Prior designs of ROMS with a
memory con: prccharged to a low supply voltage, such as
Vl’C which is about 2 volts. require an operating VDD
supply voltage more than 1.5 volts greater than VPC [or
operation of the prechargc clocks, polysilicon word lines,
and polysilicon sector select Lines in the memory core.

Fourth, a ROM utilizing the currcnt invention can pro-
charge the memory core to ground, the prccharge voltage
lcwl, in significantly less time than required for ROMS with
the memory core precharged to a low supply voltage, such
as VPC, which is about 2 volts The current invention
utilizes an NFET with a grounded source for switching the
memory core virtual ground lines and main bit lines to
ground. This NI-‘Li'l' has the full VDD voltage applied From
the gate terminal to the source terminal during the entire
prccharge time. The prior designs utilize an N'FET in a
source follower configuration for switching the memory
core virtual ground lines and main bit lines to a low Voltage
such as VPC. With this cUnllgllraliOn, the voltage applied
from the gate terminal to the source terminal, which is
connected to VI’C, decreases during the prcchargc time. This
increases the required prcchargc tone, and requires an operi
fitting VIJD supply voltage more than 15 volts greater than
VPC for minimizing the precharge time to VPC'.

The invention is an improvement in a memory having a
memory core with a plurality of memory cells and a predci
tcrmincd memory core substrate voltage. The mcmory cells
are accessed at least in part by selection ul‘corresponding bit
lines and virtual ground lines coupled thereto The improve-
ment comprises prechargiug circuitry for precharging the
virtual ground lines and bit lines in the memory core to thc
memory core substrate voltage. Virtual ground line and bit
lint: decoder and precharging circuitry prcchargcs previously
selected virtual ground lines and bit lines in the memory core
to ground. Virtual ground tine driver circuitry first drives
both selected virtual ground lines to ground during a pref
charge phase and then selectively drives one virtual ground
line to ground and the second virtual ground line to a
positive voltage level. Memory core junction leakage cur,
rent [rem the virtual ground lines and bit lines in the memory
core is reduced to zero when the memory core is prcchargcd
lo the memory core substrate voltage. The need for an
internal low voltage supply [or a prcchargc level is elimi-
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nated. VDD standby current and operating voltage level
required for the memory is significantly reduced.

The time required to precharge the memory core to the
precharged voltage level at the beginning ofa memory read
cycle is significantly reduced. The precharging circuitry,
virtual ground line and bit line decoder and precharging
circuitry, virtual ground linc drivercircuitry and the memory
core provide the main hit fine with bit-low level and hit-high
level voltages which are negligibly affected by capacitively
coupled negative noise voltages or by memory core junction
leakage currents to the memory cure substrate. ‘lhe pre-
charging circuitry, vinual ground line and bit line decoder
and prccharging circuitry, virtual ground linc driver
circuitry, and the memory Core provide a positive current to
the main bit line for providing a positive voltage defined as
a logic zero level or bitihigh level and a precharged zero
voltage level to the main bit line for a logic one or bit—lowlevel.

The improvement further comprises bit line voltage sens-
ing circuitry to sense hit-low level and bit-high level volt-
ages on the main bit line at high speed with a bit—high
voltage level of at least 150 millivolts and with a bitslow
level of approximately zero voltsi

Each memory cell comprises a core 1" "1'. The core [-‘E'fof
at least one of the memory cells is programmed with a low ,
threshold voltage defining a logic zero output. The prechargi
ing circuitry. virtual ground line and bit line decoder and
precharging circuitry, virtual ground line driver circuitry,
and the memory core for minimizing total diffusion capaci-
tance on the virtual ground line coupled to the memory cells
when the memory cells are programmed with more logic
zeros than logic ones, and for reducing capacitance associ~
ated with the core li‘LiT programmed with a low threshold
voltage due to minimized total diffusion capacitance.

The virtual ground line and bit line decoder and prccharg-
ing circuitry prccharges previously selected virtual ground
lines and bit lines in the memory core to approximately zero
voltage.

The invention is also an improvement in a method of
operation of a memory having a memory core with a
plurality of memory cells and a predetermined memory core
substrate voltage. The memory cells are accessed at lea in
part by selection of corresponding hit lines and two associ-
ated virtual ground lines coupled thereto from a plurality of
bit lines and associated virtual ground lines in the memory.
The improvement comprises the steps of precharging the
virtual ground lines and hit lines in the memory cure to the
memory core substrate voltage. A pair of the virtual ground
lines is selected in the memory. Both selected virtual ground
lines are driven to ground during a prechargc phase, One of
the selected virtual ground line is selectively driven to
ground and the other one of the selected virtual ground line
to a positive Voltage level.

Differential Sense Amplifier
The parent application shows a similar sense amplifier

approach using a current mirror instead of a crom coupled
current source. A schematic drawing of this previous se
amplifier is presented in FIG. 21 ot‘ the parent, which is
reproduced here as FIG. 5, since many of the improvements
of the invention are best understood in comparison to the
design in the parent application.

Both approaches use the same clocking signals and have
the same timing. Also, bod: approaches amplify voltage
dilfl'erenccs of about 0.15 volts. The previous design amplii
fies voltages that are close to 2.0 volts with diflercnces of
about [US volts. The present design amplifies voltages that
are close to ground with dilierences of about 0.15 volts. The
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use of voltage level shifters, a cross coupled current source
and invcncrs is unique to the present design.

The present sense amplifier design amplifies voltage
differences of signals that are about (L15 volts. The previous
sense amplifier design amplifies voltage differences of sig-nals that are about 210 volLs.

The idea of using a cross coupled current source instead
of a current mirror is not limited to the present design. This
idea will Work equally well in the previous sense amplifier
and may he used without the voltage level shifting circuitry.

The current mirror approach used in the previous design
loads the dill'erential amplifier otttput nodes with an unbal-
anced capacitive load. This unbalanced load favors one side
of the latch over the other side of the latch. The cross
coupled current source approach loads the differential ampli-
fier with a balanced load. It would be possible to add
capacitance to the previous design to balanced the nodes, but
extra capacitance would slow the latch and reduce the
transient response of the latch.

The voltage level shifters in the present design are impor-
tant because they allow the ditfercntial amplifier to sense
signals that are close to ground with a voltage diltercnce of
about 015 volts. The voltage level shifters also shift the
signals to a voltage that increases the gain of the differential
amplifier. In the previous design, the dilTerential amplifier
was limited to amplifying signals that were at the internal
precharge voltage of the memory core, i.c. about 2t) volts.
lly level shifting inputs to the dillerential amplifier from
Zero volts to about 212 volts, the differences of these level
shifted signals can now be amplified with a conventional
differential amplifier.

It is imponant to note that the use of level shifters is not
limited to only sense amplifiers. FIG. ’7 shows a timing
circuit that employs voltage level shifting circuits and a
difi‘crential amplifier.

It is very desirable to have a symmetric design in a
dill'erential amplifier.

The cross coupled current source approach is symmetric
while the current mirror approach is noti Because of the
small difference in voltages being sensed, small imbalances
in the difi'erential amplifier may have a large enough effect
to cause the differential amplifier to fall in“) the wrong state.
The idea of Using symmetry tn imprtwe the balance of the
sense amplifier extends beyond the design to the layout of
the design. A symmetric and balanced layout may sense
smaller voltage dilferences and operate faster than would
otherwise be possihlei

The cross coupled current source approach can provide
more gain than the current mirror approach. The gain of the
cross coupled current source is controlled by four FETs.

The present design uses two inverters to block half level
signals from being outputted until the sense amplifier data
has been latched. l-ly blocking half level outputs of the
ditfcrential amplifier. a race condition is eliminated and
output enable signal, OE may switch sooner than would
otherwise be possible.

The invention is an improvement in a detection circuit
having an input signal which is sensed. The improvement
comprises a level shilling circuit for receiving the input
signal and for shifting the voltage of the input signal to a
predetermined level to output a voltage shifted level of the
input signal. The predetermined level is within an operative
range of detection of the detection circuit,

The input signal sensed by the level shifting circuit has a
voltage close to ground. The detection circuit in the opera-
tive range is capable of distinguishing signal level differ-
ences at least as small as about 0115 volts so that input
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signals at least as little as about 0.15 volts above ground are
reliably sensed.

The level shitting circuit shifts the voltage of the input
signal to the predetermined level within a wide range of
selected voltages including the operative range olithe detec-
tion circuit. The predetermined level is where the detection
circuit has the most gain, speed and accuracy.

The detection circuit comprises a differential amplifier
having two dilTerential outputs and the detection circuit
comprises a pair of cross coupled current sources to provide
matched current sources to the differential amplifier, The
pair of current sources are symmetric, balanced, have the
same capaCitive loading and the same impedance. The pair
of cross coupled current sources initially provide two equal
current sources, but become unmatched based on the output
of the dilIerential amplifier. The differential amplifier
includes circuitry for providing positive feedback from the
outputs to the pair ofcurrent sources to increase the gain and
speed of the differential amplifier.

The pair of current sources have two cross coupled l‘Li'l‘s
and the gain of the cross coupler] current source is controlled
primarily by the two cross coupled FETs. A range of gains
is provided to the ditI'erentia] amplifier by varying the
width-to-lenglh ratio or the two cross coupled I‘E'l's. The
pair of current sources funher comp i' two FL’Ts connected

 

in parallel to the cross coupled Hills. The gain of the ,
ditierential amplifier also is further controlled by varying the
widthitoilength ratio of the two parallel coupled FETs.

The improvement further comprises two inverters to
block half-level outputs of the dilferential amplitier until
both outputs of the detection ctreuit have been latched,

The invention is also an improvement in a method of
detecting an input signal level the improvement comprising
[he steps of receiving the input signal, and shifting the
voltage of the input signal to a voltage shifted output level.
The voltage shifted output level is within an predetermined
operative range of detection of a detection circuit. The
voltage shifted output level is detected to distinguish the
sigma] level of the input signal level.

Virtual Ground and Bit Line Decoder
The design described in the eopending application,

M387—D for the virtual ground and bit line decoder, and the
present virtual ground and bit line decoder both multiplex a
selected main bit line. mBLi The previous NMOS ROM
decoder selects one virtual ground line and drives this line
to ground.All other virtual ground Lines are preeharged to an
internal low supply voltage of about 2 volts, The present
design selects two virtual ground lines These two lines are
initially driven low. During the read cycle, one of the lines
is driven high and the other line remains driven low. The
virtual ground line that is driven high is determined by an
address, AY[4].

Like the NMOS decoder described in copendil‘lg applica-
tion Seri No. ti8,’(l16,fill, entitled Improvements in a Very
Large Scale Integrated Planar Read Only Memory. the
CMOS virtual ground and bit line decoder multiplexes a
selected main bit line and one virtual ground line. The
CMOS decoder provides a better precharge than the NMOS
decoder. In the CMOS design, Pal is an input to the
addresses YDLflF'I] and YDU[0—7]. When PCB is high
during core preeharge, all the addresses YDl.[0a7] and
Yl)U[[L7] are high, all i-‘L-Ts in the decode are turned on,
and all the virtual ground line and bit lines are precharged.
This additional preeharging technique is not used in the
present design although this technique is compatible with
the present design.

In Comparison to the prior designs, the improved interlock
method provides the same function with fewer gates. This
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method is inherently faster and uses less silicon die area
because fewer gates are used.

In comparison to the previous NMOS ROM patent and
the CMOS virtual ground and bit line decoder, the present
decoder is designed for use with a memory core that is
precltarged to ground. The previous decoder was designed
for use with a memory core that is precharged to a low
voltage of about 2 volts: in the present design an additional
decode is done by means of the SELV lines. Because this
additional decode is done by means of the SELV lines, the
present decoder uses fewer Hits and less area than would
otherwise be possible,

Crowbar currents may be very large in inverters and logic
gates with large FE' si When CMOS inverters and logic
gates switch, there is a period of time where both the PMOS
and the NMOS FETs are partially turned on. The current that
flows through these FETS is called a “erowbar current".
Crowbar current is normally not significant but can become
very significant when large [7 are used. This interlock
method avoids these crowbar currents

The invention is an improvement in a method for decod-
ing a plurality of virtual ground lines and bit lines in a
memory comprising the steps of driving all vifluat ground
lines in the memory Core low. Two virtual ground lines in a
memory core are multiplexed by holding a selected first
virtual ground line low and keeping a selected second virtual
ground line low for memory wre discharge, and by driving
the selected second virtual ground line high for core evalu»
ation. The core is then read or evaluated All unselected
virtual ground lines are kept floating during the step of
evaluating the cure. The second virtual ground line is then
switched low for memory core discharge in preparation for
subsequent cure evaluation.

The improvement further comprising the step of precharg-
ing a BIT line to ground prior to the step of evaluating the
core, The BIT line is selectively coupled to the bit lines in
the memory,

The invention is also a decoder for producing two
memory multiplexing signals, SELVI] and SELVI, capable
of driving a large capacitive memory load. The decoder
comprises decode circuitry for selectively decoding an
addres. 'gnal to drive one of the two memory multiplexing
signals, 5111.th and SliLVl, high and the other low. Drive
circuitry generates the two memory multiplexing signals,
SELVO and SELVl, in response to the decode circuitry. The
drive circuitry is tristated.

The drive circuitry is comprised of a pair of two large
l‘E't‘s coupled in series. The memory multiplexing signals,
SELVtJ and SELVI, are derived respectively from the cou-
pling between one of the pair of the two large FETs. The
drive circuitry comprises circuitry for turning each one of
the two large I' TsolI before turning on the other one of the
[Wit large VETS in each of the pairs of [ill—ls, so that one of
the FETs ot'eaeh pair will always be off when the other one
of the pair of FETs is on.

The memory mUIliplexing signalsI SELW] and SL-‘LVI,
have a voltage level set by a decoder supply voltage, V5131»
The memory multiplexing signals, SELVO and SLLLV], have
the highest voltage level in the memory core. Voltage levels
ot'the memory multiplexing signals. SELW and SELVl. are
set at a level low enough to avoid memory breakdowns in
the memory core.

The invention k4 also an improved method of precharging
a memory eore having a plurality ofvirtu al ground lines and
main bit lines comprising the steps of precharging all of the
virtual ground lines and main bit lines in the memory core
to ground before the core is read through a precharge block
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’I‘wo selected vinual ground lines are driven to ground
before the core is read through precharge paths through the
memory core independent of the precharge block.

The invention is still further a driver circuit for avoiding
crowbar currans comprising two large FE'I‘s coupled in
series. An output signal is derived from [he mupling
between the two large FETS. Circuitry is provided to turn
each one of the two large ETs ofl‘ before turning on the
other one 01' the two large lill'l‘s, so that one ofthe FE't‘s will
always be off when the other one of the liHl‘s is on

The invention can be better visualivcd by turning to the
following drawings, wherein like elements are referenced bylike numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a plan View of a chip layout of a memory core
operated according to the invention.

FIG. 2 is a schematic of the memory core shown in FIG.

 

1,
FIG. 3 is a liming diagram showing the waveforms of the

control signals used to drive the memory core oflt'IGS. land2.

FIG. 4 is a tattle of main bit line voltage values depending
on the programmed states of memory cells in a row coupled
to the main bit line

FIG. 5 is a schematic of a sense amplifier used in the
parent application.

FIG. 6 is a schematic of the sense amplifier of theinvention.
FIG. 7 is a schematic of a timing circuit that employs

voltage level shifting circuits and a ditferential amplifier.
FIG. 8 is a Schematic drawing of a previous interlock

method to avoid crowbar currenti
FIG. 9 is a schematic of the virtual ground and bit linedecoder circuit of the invention.
FIG. 10 is a schematic drawing of the interlock method to

avoid erowbar current.
FIGS. llrr and b are a timing diagrams of the relevant

decoder signals.
ITI G. [2 is a timing diagram showing the function of the

interlock method.
The various embodiments of the invention can now be

understood by turning to the following detailed description
DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS

Grounded Memory Core Design and Methodology
Consider now in detail the operation ofthe invention in a

memory core schematically shown in FIG. 2, and with the
use of a voltage sensing sense amplifier circuit, modified
Virtual ground line decoder and driver which are described
below. The invention incorporates a memory circuit having
an array of addressable memory cells organized into blocks
of memory cells. One block of cells is shown in FIG 2.. A
blunt: Is a segment ofthe core which is repeated in rows and
columns to form the memory array. In the invention, a blockis defined as shown in FIG. 2. There are four columns of
memory cells in a block. The word lines. CA. CB. and BS
select one cell in the block to be connected to the metal bit
line, or main bit line. Asectnrof memory is defined as a row
of blocks placed across the memory core or array which
have common word lines and BS. CA. and CB lines. The
sector is repeated in n rows to form the complete memory
core or memory array. A ROM can be partitioned into one
Ul' ITIOIC memory COWS.
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(.‘A, Column Select A, is a polysilicon line extending

across the full width of a sector. It is the gate terminal ofcorc
FE'l's which connect specific diffusion bit lines in the block
to each other CB, Column Select B, is a polysilicon line
extending across the full width u[ a secturi It he gate
terminal 01' cure FE'l‘s which connect specific dillusion bit
lines in the block to each other. BL is a diffusion line in the
block, or sector, which is the drain or source terminal ' r
t'our columns 01' core l-‘E’l’s and [our column select Fli'l‘s
controlled by (TA or CH. The bit line signal from one of the
sectors in the memory array is coupled to a metal bit line by
block select BS. BL may refer to the diffusion or metal line.
The metal bit line may be referred to as mBL. or main bit
line.

 

 

WL, Word Line, is a polysilicon lint: extending across the
full width of a sector. It is the gate terminal ot‘ one row of
programmable core FETs in the sector. BS, Block Select, is
sometimes defined as Bank Select and is a polysilicon Line
extending across the full width of a sectori It is the gate
terminal of the core t-‘E'l's which connect a ditl‘usion bit line
in a block to the metal hit line, or main bit line ml‘lL

VOL, Virtual Ground Line, is a diflusitin bit line in the
block of memory cells shown in FIG. 2.. There are twodiffusion bit lines which connect to the drain or source
terminals for two columns of core Fli’l's and for two column
select liE'I‘s controlled by ("A. Each of the two dilFusittnlines is connected to one of two metal buses which are also
connected to corresponding diliitsittn lines in each block
within a column of blocks in the memory array. Each of
these two metal lines is delined as a Virtual ground line

The array of cells includes a plurality ()I‘ metal virtual
ground lines 10. main bit lines 12. polysilicon word lines
14(1Hn), and polysilicon select lines 16. Each of polysilie
eon word lines 140'}. and polysilicon select lines 16 extend
through each row ol‘ blocks of memory cells, or sector. Each
of metal virtual ground lines [0 and main bit lines 12 extend
through each column of blocks of memory cells. The metal
lines run straight as. shown in FIG. 1, for an optimum layout
design. The design comprises 01' a plurality of contacts 18
connecting metal virtual ground lines It] and main bit lines
[2 to corresponding ones of contacts Ill at each the end ofeach the blocks.

A decoder circuit selects a column of the blocks and
couples a vinual ground tine driver to the selected pair of
metal virtual ground lines 10 and a sense amplifier to a main
bit line 12 in the selected column of blocks. During the
precharge phase, these circuits drive both of the two selected
metal virtual ground lines 10 to ground, then, during the
sensing phase. one of two metal virtual ground lines 10 is
held at ground and the other of the two metal virtual ground
lines is switched to a voltage source.

Each block has a first and a second end. The virtual
ground line contacts 18 are disposed solely at one end of the
block with main bit line contact 18 disposed solely at the
Opposite end of the block. A second block of memory cells
identical in architecture to the llrst block of memory cells is
laid out with mirror symmetry relative to an imaginary line
perpendicular to the virtual ground lines and disposed at one
end of the Iirst block of memory cells. Contacts 13 with main
bit line 12 and virtual ground lines [0 to the first block of
memory cells are used in common with the mirror sym-
metrical second block of memory cells.

The plurality of memory cells 22 in the block is logically
organized in columns. The columns of memory cells 22 are
coupled together by diffusion bit lines 20, which cell 22 in
[his case is comprised ot‘ a single I-‘ET. liach column has two
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corresponding diffusion hit lines 20 disposed along the
length of the block of memory cells 22, Memory cells22 are
arranged and configured into four columns with the center
bit diffusion line 20' shared by the second and third columns
of memory cells 22. 'l‘wo virtual ground lines II] are sym-
metrically disposed relative to the center diffusion bit line
20‘. A first circttit 24 controlled by CA is disposed at one end
of each block for selectively coupling the two diffusion bit
lines 20 for the tirst column of memory cells together and
two dilfusion bit lines 20 for the fourth column of memory
cells together. A second circuit 26 controlled by CE is
disposed at the opposite end of each block for selectively
coupling the center hit dilTUsion line 20‘ with the two
adjacent bit clilIusion lines 20.

As a result of the location of first and second circu its 24
and 26, the length of the circuit path of a signal read from
any one of the addressed memory cells through bit dilfusion
lines 20 does not exceed in aggregate substantially more
than one length of the memory lilock. Parasitic: capacitance
is avoided. memory access speed is increased. and the
capacity for memory ceLl density is increased.

The general structural architecture of the memory core
now having been reviewed. consider the detailed description
of operation of the grounded memory core of the invention.
As shown in the schematic in FIG. 2, main bit line 12 is 7
coupled through core FETs 28 to a center bit line 20'. Two
memory cells 22, for example particularly denoted by ref-
erence numeral 22(2), are coupled in series with each other
in the memory core to form a pair. Other pairs of core FETs
22 are coupled in parallel between center line 20‘ to the outer
diffusion bit lines 20 which are connected to vinttal ground
lines [0. The gates of memory cells 22 like cells 22(2) are
coupled to respective word lines 14(1) through ”(fll- Col-
umn select core FETs 26 are coupled in parallel with N
memory cells on each side of center bit line 20’. Column
select core [ilj'l's 24 are coupled in parallel with N memory
cells which are connected to outer dilfusion bit lines 20.

Bit lines 20 and 20' in FIG. 2. are n-type diffusion wires
while main bit line 12 and virtual ground lines 10 are metal
wires of alumintlm. Referring to FIG. 1, word lines 14(1)
through [4(a) and the column select signal lines l6, CA, CB,
and BS, are polysilicnn wires. The metallic contacts 18 are
denoted by the squares containing an X. Regions 3f] denote
inniimplantcd regions. Threshold voltages in ioniimplanted
regions 30 exceeds the supply voltage so that core FETs
disposed to regions 30 are not turned on even if the gate
voltage goes to a logic high.

Metal contacts 18 connecting the diffusion Wiring to main
bit line 12, and metal contacts 18 connecting the diflusion
wiring to virtual ground lines 10 are positioned at opposite
ends of the memory cell blocks as best depicted in FIG. 1.
Therefore, the resistance of the diffusion wiring elements
from main bit line contact 18 to a virtual ground line contact
18 remains constant regardless of the position of selected
memory cell 22(2), because the resistance corresponds to the
distance between metal cttntacLs 18 for main hit line 12 and
virtual ground lines "I. The memory layout is designed so
that the memory cell blocks are mirror symmetrical about
line 32 with respect to transverse or horizontal wires or lines
(not shown) connecting contacts 18. As a result, the number
of contacts IS in the array is reduced by lifty percent as
compared to conventional layout. As a further consequence,
the capacitance and junction leakage current parasitic-5 due
to main bit line contacts 18 is reduced by fifty percent,
thereby increasing switching speeds

Consider the operation of the grounded memory core with
a voltage sensing sense amplilier. Referring to FIG. 2, a
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column select signal, (.‘A, is switched to a logic high level
in order to seleet memory cells 22 in the second and third
columns immediately adjacent to a main hit line 12 shownin the middle of the schematic in I16. 2. Column select
signal, (.‘A, turns on transistors 24 to short each outer pair of
ditfusinn bit lines 20 together in a pairwise fashion. Outer,
most dilfusion bit lines 20 are connected to virtual ground
lines It], VGIJ and V612.

When column select signal, CE, is switched to a logic
high level, it shorts the innermost diffusion bit lines 20 in
center hit line 20‘ through transistors 26. This will select the
first and fourth columns in the array of FIG. 21

In other Words, signal CA will select the second and third
columns, while column select Signal CB, will select the first
and fourth columns, the columns lacing ordered and num-
bered from left to right in the array of FIG. 2. For proper
addressing, only one of these two signals, (TA or Cli, is
logically high at the same time.

All left block cells, denoted lay dotted outline 34, are
selected by switching the left virtual ground line 10 in FIG.
2 to a positive voltage level and holding the opposing or
right virtual ground line 10 in FIG. 2 to the precharged
ground level. In such an instance, the cells within block 34,
as opposed to the symmetrically disposed bloek of memory
cells 36, are read out while those in block 36 are not.

For the grounded memory core, the positive voltage level
on a virtual ground line 10 is approximately two volts in
amplitude at the end of the sensing phase. A bitihigh level
on the main bit line [2 is a positive voltage of approximately
150 millivolts in amplitude at the end of the sensing phase.
Attitilinevlow level is the preeharge level of ground, or zerovolts.

In order to select, for example, cell 22(2), block select
signal, 135, line 16, goes to a logical high selecting the block
shown in FIG. 2. See I-‘IGI 3 for the signal wave fon‘ns for
the example ofselecting cell 22(2). The interval between T1
and T2 is the prechargc cycle, between T2 and T3 the core
evaluation cycle, and after T?! the Core reset cycle. Signal
BS, on line I6, is coupled to the gates of two transistors 23.
When switched high as shown on line 38 in FIG. 3, BS
couples main bit line 12 to center bit line 20' of the cell
matrix block. Column select signal. CA, is a logical high as
shown on line 40 in FIG. 3, and column select line, (.‘Il, is
a logical low, thereby selecting the second and third col-
umns. The leftmost virtual ground line 10 in FIG. 2, VGLl,
goes after time T2 to a positive voltage as shown in FIG. 3.
Rightmost virtual ground line 10 in FIG. 2, VGLZ, is held at
the preehargert ground level thereby sclecting the second
column of cells and deselecting the third column of cells.
Word line 14(1) switches to a logical high as shown on line
44 of FIG. 3 with each ofthc remaining word lines 14(2) to
I4(n) to a logical low thereby reading cell 22(2) as shown on
line 46 of FIG. 3.

Assume the selected core 1131' 22(2), is programmed with
a low threshold voltage. The current transmission path

_ through the block of memory cells begins with the leftmost
virtual ground line Ill and ends with the main bit line 12, ormill" The current flows from leftmost line [D lit the left
outermost diffusion line 20 in FIG. 2‘ See line 42 of FIG. 3
for the voltage wave form on VGLI, or line It}. With core
FET24 controlled by CA. the current flows through FET 24to the left innermost diffusion bit line 20. The current [lows
along left innermost line 20 to the drain of the selected core
FET22(2) and through cnrc FET22(2) to center difl‘usion hit
line 20'. The current then flows through the two parallel core
FETs 28 to the main bit line 12, or mBL The approximate
voltage wave form on line 12, ml3L, is shown on line 46 in
FIG, 3.
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The magnitude of the resultantvoltage on the main bit line
12 varies significantly, and is largely dependent upon the
programmed threshold voltages of core FETs 22(1), 22(3)
and 22(4) in the same row of the core as the selected cell
22(2) in FIG. 2“ These liliTs have gates connected to WIJ,
line l4{1), and may also be turned on when Iil'l'l‘ 22(2) is
selected. FIG. 4showsthe maximum voltage on the main bit
line 12 as function of the programmed threshold voltages
of core 1‘ TS. 22(1) through 22(4). There are eight combi-
nations [or the programmed threshold voltages of the three
core {:51}, 22(1) through 22(4) as shown in l-‘lGi 4. The right
hand column shows the maximum main bit line voltage as
a fraction of the virtual ground line voltage VGLl. VGIJ.
line 10, and diffusion line 20 are switched to ground by
means of a virtual ground line decoder and driver circuitshown in FIGS. 9 and Ill.

First consider the elIcct on the main bit line voltage level
of core FET 22(1) having a low threshold voltage. The low
threshold voltage is denoted as (‘ in FIG. 41 Now there is a
second current path from VGIJ to the drain ol‘ the selected
core liliT 22(2). The second path is along the outermost lei-I
diffusion line 20 through core FET 22(1). Since the resisi
lance of both left difl‘usion lines 2|} are equal, the resistance
from the V611 line in to the drain of selected core FET

 

22(2) is reduced to one-half the resistance of a single path 7
As a result, the voltage on mBL, line 12. increases. Referring
to FIG 4, a comparison of combination 8 to combination 4,
or combination 7 to combination 3, shows how mttch the
programmed state of core [713T 22(1) affects the maximum
voltage on bit line 12.

The programmed threshold voltage ol‘core FET 22(3) has
the most pronounced effect on the main bit line voltage. If
core FET 22(3) has a high threshold voltage, the current in
FET 22(3) is approximately 7cm. There are no direct current
paths from the center bit line 20' to ground, and the maxi-
mum main bit line voltage is equal to the voltage on VGL],
approximately two volts [or the illustrated embodiment.

[1‘ core FET 22(3) is programmed with a low threshold
voltage. a direct current path exists from the center diffusion
bit line 20' to Will, line 10, by means of cure I‘ll-1122(3),
innermost right bit line 20, core FET 24, outermost right
dilfusion line 20, to Line 10, VGLZ. The resistance in this
path from line 20‘ to V612 can be approximately equal to
the resistance in the path from bit line 20‘ to VGIJ resulting
in the voltage on line 20' beingapproxirnately one-halftil'the
voltage applied to VGIJ.

If both core IiE‘I's 22(3) and 22(4) are programmed to a
low threshold voltage. the current from the source terminal
of FET 22(3) can flow along innermost right bit line 20 and
outermost right diffusion line 20 which reduces the resis-
tance from the source terminal of IiLi'I' 22(3) to VGL2, line
10, to one-half. The effect of the programmed threshold
voltage of FETZZH) on the main bit line 12 can be seen by
comparing combinations 3 and 4 or combinations 7 and 8 of
FIG. 4.

The lowest voltage on main bit line 12, for a bit-high level
occurs when core FETZZU) is a high threshold voltage, and
both core FETs 22(3) and 22(4) are low threshold voltages.
This is shown by combination 4 in FIG. 4. For this case. the
main bit line [2 voltage is a maximum of about 38% of the
voltage on VGI}. The maximum voltages shown in FIG. 4
are the levels which could be reached it'the core FET 22(2)
is allowed a long time to charge the bit line capacitance to
a maximum value. For the invention, the main bit line 12
peak voltage, For a bit-high level, is about 25% of the levels
shown in It'ICir 4. This is because the typical core evaluation
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time, or sensing time, does not provide time for main bit line
12 to charge to a higher voltage level. For example, for
combination 4 in FIG. 4, the typical voltage on the main bit
line 12 is 200 millivolts with VGLI being about two volts.
The ROM which uses the invention incorporates a sense
amplifier which can deteCl a 150 mittivnlt bit-high 1m].

Now assume the selected core FET 22(2) is programmed
with a high threshold voltage which is greater than the
voltage applied to WLl. The only current flowing through
PEI. 22(2) is a very low sub-threshold current which is
negligible for bit line sensingr The current path from VGIJ
to center bit litre 20‘ is then open, which allows the center bit
line 20’ and main bit line 12 to remain a prechargcd ground
voltage level, a bit-low level.

[Further assume that both selected core l-‘Li'l‘22(2) and core
I-‘E‘t‘22(3) are programmed with a high threshold voltage.
Center bit line 20’ is not coupled to either the innermost left
or right bit lines 20 so it is floating at the prechargcd ground
voltage, a bit-low level, The voltage on floating bit line 20',
or main bit line 12, can be affected by junction leakage
currents or Capacitively coupled noise voltages Only noise
voltages or junction leakage currents. which can shift the
floating main bit line positive, can adversely afl'cct the sense
amplificr‘s reading of a bit»low level. For this reason, core
iunction leakage current to the grounded substrate does not
achct the bit line which is floating at ground Also, capaci-
tively coupled negative noise voltages from the turning off
of the memory core precharge clocks does not adversely
alIect the bit-low voltage level of zero volts.

Further, for a hit»high level which is a small positive
voltage on the bit line, the negative noise voltages and the
core junction leakage currents from the difiusion bit lines to
substrate have negligible elfect. This is because the selected
core [FET 22(2), with a programmed low threshold voltage,
supplies a current to center bit line 20' which is orders of
magnitude greater than the combined negative noise current
and the core junction leakage from diffusion bit line 20'.

In summary, the memory core as defined in FIG. 2 can be
used in the grounded core operating mode defined by the
current invention wid'r:

a) a voltage sensing sense amplifier;
h) a virtual ground line decoder circuit which selects both

virtual ground lines It}, VGL] and VGL2;
e) a virtual ground line driver circu it to drive both of the

two selected metal virtual ground lines. During the
precharge phase, both of the two selected metal virtual
ground lines are driven to ground, then, during the
sensing phase, one of the two metal virtual ground lines
is held at ground and the other ofthe two metal virtual
ground lines is switched to a voltage source; and

d) a precharge circuit to drive all metal virtual ground
lines and metal bit lines to ground during the precharge
phase. During the sensing phase, the precharge circuitis turned olf.

Consider now the operation of the grounded memory core
with a current sensing sense amplifier. The memory core
shown in FIG. 2 can be used with other types of sense
amplifiers than voltage sensing as described above. For
example. a current sensing amplifier can be used. This type
of sense amplifier supplies a sensing current through a bit
line decoder to the main bit line 12.

The operation of the word lines and column select lines is
the same as described above. The operation of the virtual
ground lines is essentially reversed from that described
above for a voltage sensing amplifier. This is due to the fact
that the selected core FET must switch the sensing current
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to ground, if the selected core [-‘E’i‘ is programmed with a
low threshold voltage. If the selected core FET is pro-
grammed with a high threshold voltage, the sensing current
must be allowed to charge the selector] main bit line to a
positive voltage by opening the sensing current path to
ground.

in order to select, for example. cell 22(2). block select
signal, BS, line 16, goes to a logical high thereby selecting
the block shown in FIG; 2. Signal llS, on line 16, is coupled
to the gates of the two transistors 28. When switched high,
BS couples main bit line 12 to a center bit line 20" ofthe cell
matrix block. Column select signal, CA, is a logical high,
and column select line, CE, is a logical low thereby selecting
the second and third columns. Left Virtual ground line 10,
VGLl, is switched to ground Right Virtual ground line It],
VGLZ, could he allowed to float at the prccharged ground
level, or, forthe preferred embodiment. it is driven to a small
positive voltage having an amplitude which will minimize
any current flowing in unselected core [il_-"['s 22(3) and 22(4),
thereby allowing the sensing current In more rapidly charge
the main bit line to improve memory speed. The virtual
ground lines VGLl and VGLZ have thus selected the second
column of cells and have deselected the third column of
cells Word line 14(1) switches to a logical high with each
[If the remaining word lines 14(2) to 14(n) In a logical low ,
thereby reading cell 22(2).

Assume the selected core FET 22(2) is programmed with
a low threshold voltage. The sensing current transmission
path through the block of memory cells hegins with the main
bit Line 12, mBL, and ends with left virtual ground Line ll],
With core FETs 28 controlled by ES, the sensing current
flows from the main bit line 12 through FETs 28 to diffusion
hit line 20’. The current then flows along line 20' to the drain
of the selected core l-‘ET 22(2) and through core FET 22(2)to the left innermost di 'usion bit line 20 With core FET24
controller] by CA, which is switched to a logical high, the
current flows along left innermost line 20, through FET 24,
and to left outermost diffusion hit line 20 which isconnected
to virtual ground line V0111. As a result of the sensing
current flowing through the low resistance path, the voltage
on mBL, line 12, is held to the a low level. This bit line
voltage is defined herein as the hit—low level voltage.

'lhe magnitude of the resistance in the Sensing current
path from the main bit line 12 to the left virtual ground line
It] varies significantly, depending upon the programmed
threshold voltage ofcore FET 22(1) in FIG. 2. This FET has
the gate connected to WlJ, line [4(1), and may abut be
turned on when l-E't‘ 22(2) is selected.

Consider the etfect, on the hit-low voltage level, of core
FET 22(1) having a low threshold voltage. Now there is a
second current path from VGLl to the drain of the selected
core [.‘ET 22(2). The Second path is along the outermost left
diffusion line 20 through core FE'I' 22(1). Since the resis-tance of innermost and outermost lcft difl'usion litres 20 are
equal the resistance from the VGLl line 10 to the drain of
selected cure l'i'll'l‘22(2) is reduced to one-hall" the resistance
of a single patht As a result of the sensing current flowing
through the low resistance paths, the bit line low voltage, on
mBL, line 12, is held to the lowest level for any combination
of programmed threshold voltages of the core FETs shown
in FIG. 2.

Now assume the selected Core “5122(2) is programmed
with a high threshold voltage which is greater than the
voltage applied to WLl. The only current flowing through
FET 22(2) is a very low sub-threshold current which is
negligible for hil line sensing The sensingcurrent path from
center bit line 20‘ to VGLI is then open, which allows the
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center bit line 20' and the main bit line 12 to be charged by
the sensing current to a higher voltage level herein defined
as a bitihigh level voltage.

The programmed threshold voltage of core FET 22(3),
lith 2, has an elliecl on the main bit line voltage for a short
time after the sensing current is switched to the tnain bit line
12. If core FET 22(3) has a high threshold voltage, the
current in FET 22(3) is approximately were. 'l'here are no
direct current paths from the center bit line 20' to V(il2, line
1141 The sensing current can therefore charge dill'usion bit
line 20‘ to the sensing voltage level, a bitilow level or a
bitihigh level, in less time.

If core FET 22(3) is programmed with a low threshold
voltage, an undesirable current path exists from the center
ditfusiort bit line 20‘ to VGLZ, line 10, by means ofcorc FET
22(3), innermost right bit line 20. core FET 24. outermost
right ditfusion line 20, to Line 10, YOU. The resistance in
this path from line 20' to V(il2 can be approximately equal
to the resistance in the path from line 20‘ to VGIJ. If VGIZ
were floating at the prccharged ground voltage level,
approximately oneihatfof the sensing current would flow in
this undesirable path for a significantly long time until the
virtual ground line V012 was charged to a small positive
voltage. The dilIusion junction capacitance on the virtual
ground line VGLZ is very high, since it is connected to all
the memory cell blocks. typically 16. 32. or 64. in a column
of the memory array. Because of the high capacitance on the
virtual ground lines, the current sensing time is significantly
long if, for this example, VGLl is initially floating at the
ground voltage level,

The current invention solves the problem of high capacii
lance virtual ground lines by using a virtual ground line
decoder circuit which selects both virtual ground lines,
VGLl and VGLJ, and a virtual ground line driver circuit
which selectively drives one virtual ground Line, VGLl, to
ground and the second virtual ground line, V612, to a small
positive voltage having an amplitude, approximately equal
to the hit-low level voltage, which will minimiLe the unde-
sirable current flowing in unselected core FET 22(3),
thereby allowing the sensing current to more rapidly charge
the main hit line to improve memory speed.

The Voltage on the main bit line 12, mill 4 is only slightly
alfected by junction leakage currents or capacitively coupled
noise voltages. Capacitively coupled negative noise voltages
orjunction leakage currents which can shift the main bit line
negatively can adversely affect the current sensing sense
amplifiers reading of a bit-high level. The magnitude ofthe
sensing current is typically much higher than these currents.
For this reason, core junction leakage current to the
grou ndcd substrate and capacitivcly coupled negative noise
voltages from the turning oft‘ot‘ the memory core precharge.
clocks have little effect on the hit-high level voltage.

In summary. the memory core as defined in FIG. 2 can he
used in the grounded core operating mode with:

a) a current sensing sense amplifier;
h) a virtual ground line decoder circuit which selects both

virtual gmund lines VGLl and V612; and
c) a virtual ground line driver circuit which selectively

drives one virtual ground line to ground and the second
virtual ground line to a small positive voltage level
approximately equal to the bit line low level defined
herein.

Differential Sense Amplifier
A circuit which (liflerentially amplifies voltages that are

_ close to ground with ditfcrcnces of about 0.15 volts uses
voltage level shifters, a cross coupled current source and
inverters to provide increased speed, accuracy, and game
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Symmetric cross coupled current sources are used in a
differential amplifier to provide the difl'erential amplifier
with a balanced load. A symmetric and balanced layout
senses smaller voltage differences and operates faster than
would otherwise be possible. The gain of the cross coupled
current source is controlled by four FETs.

Voltage level shifters at the input to the dilIerential
amplifier allow the dillerential amplifier to sense signals that
are close to ground with a voltage difference of about 0.15
volts. The voltage level shifters also shift the signals to a
voltage that increases the gain of the dilferetttial amplificrt

Two inverters block [1311' level signals from being output-
ted until the Sense amplifier data has been latched. Ily
blocking half level outputs of the dilferential amplifier. a
race condition is eliminated and output enable signal, 0E,
may then switch sooner than would otherwise be possible

Consider first the architecture of the sense amplifier of
FIG. 6. Referring to FIG. 6, DMYI-II and DMYLO are
connected to gates of FET 50 and 52 respectively. DMYLG
is a dummy bit line in the ROM core with ROM cells
programmed to prevent DMYID I'rom charging durtng a ll:
read cycle. DMYLO is preeharged to ground. DMYLO has
coupled noise voltages that are similar to those of a BIT line
and the DMYIII line. It is used as a low Voltage reference
for all the sense amplifier circuits and the TRIG circuit.
DMYIII is similar to DMYLO except the ROM cells on 25
DMYHI are programmed to charge DMYHI from ground to
a voltage level of about (1.15 voltsi DMYIII is used as a Fll'l'
high voltage reference. BIT is the signal that carries the
information from the memory core to the sense amplifier.
Each BIT signal goes to a sense amplifier circuit. ROMS
typically have more than one Ill’l' and sense amplilleriROMS with 8 or 16 BIT lines an: common.

DMYIII serves as a III'I‘ high Voltage reference and
DMYLO serves as a BIT low voltage reference. Because
FETs St] and 52 are connected in parallel the elfcctive
reference voltage is a level between the DMYLO and
DMYII] levels. BIT is connected to the gates of both FLLTs54 and 56.

The sense amplifier has two level shifting circuits. These
circuits shift the low voltage inputs up to a voltage that the
dilTerential amplifier can easily sensei FL‘TS 54—60 form one
level shifting circuit and lili'l‘s SI], 52, 62 and 64 form the
other level shifting circuit. The outputs from these level
shifting circuits are the signals, SAIN and SAREFV SAIN
and SAREI" are inputs to the differential amplifieri By
sel 'tively changing $01116 of the widths of l'iE'l‘s 54—60 and
[THIS 50, 52, 62 and 64, a wide range of voltages may be
selected A voltage that is optimal for the sense amplifier
operation can thus be selected.

The dill'erentia] amplifier is composed of I’lj'l‘s 6678*
The differential amplifier compares the voltage of SAIN and
SAREF. FETs 78—84 comprise a pair of cross coupled
current sources that provides increased gain for the differ,
ential amplifier circuit. Inverters 86 and 88 block half level
outputs of the differential amplifier until these outputs havebeen latched.

The operation of the sense amplifier of FIG. 6 is described
in four phases. They are:

(a) preeharging to ground the ROM core. DMYLO,
DMYIII, and all of the BIT lines;

(it) sensing the ROM core to charge DMYI‘II and, depend-
ing upon the programmed data, the “IT line;

(C) latching the data, and
(d) automatically powering down the sense amplifier and

retaining the latched data. as
Consider the first phase 01' precharging the ROM core,

DMYID, IJMYI'II and ”IT. Near the beginning of a ROM
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cycle, the precharge clocks, PC] and PCZ, are either high
from the end of the previouscyele, or they are switched high
to preeharge the ROM to ground. PCl is a prccharge clock
signal. FCI precharges to ground all the virtual ground andbit lines in the core before and after core evaluation. PCZ is
a preeharge clock signal and precharges to ground BIT,
DMYLO and DMYI'II before and after memory core evalu-atton.

The time duration of the precharge is controlled by two
circuits in the ROM called DCOK and OWDN (not shown).
BIT is preeharged to ground by PC2 switching high.
DMYLO and DMYI II are also precharged to ground by PCZ
switching high.

Referring to FIG. 6. FET 72 is turned on by PCZ. Since
FETs 74 and 76 are turned on by SLIN, nodes 31.0 and
N811) are equaliaed to the same voltage level while PCZ is
high by means of I‘E’l‘s 723.16. SLQ and NSIIJ are the
outputs of the dilferential amplifier comprised of FETs
6646 in FIG. 6 and are both input to and output ofthe latch
circuit comprised of FE’I‘s 94—102 After the littChing
operation, SLQ and NSIQ are VDINGND level signals
representing the latched data. SLO and NSLQ are inverted
by inverters 86 and 88 to produce X0 and NXQ. XQ and
NXQ connect to the output driver circuitry

SIJN is high during memory core precharge to ground
and while sensing the BIT, DMYID and DMYIII inpuLs.
When the data is latched by SLCH. SLIN switches low to
disconnect the memory core and decode from the sense
amplifier circuit. SLCII is a signal which is low during
memory core precharge to ground and sensing, and is
switched high to latch the data defined by the voltage levels
on node SLQ and NSLQ at the start of the latch operation.

As long as the PC: clock is high, output nodes SLQ and
NSLQ remain at the equalized voltage level and do not
respond to inputs BIT, DMYII) and DMYIII. I’CZ is held
high until the inputs BIT, DMYLO, and DMYI—II are free of
noise and/or have reached the appropriate voltage levels for
sensing By this means, outputs SLQ and NSLQ are preset
to equal voltage levels from which they can respond quickly
to the input signals.

Consider now the sensing the ROM core. Upon complei
lion of the ROM core preeharging, [’Cl and PC2 are
sequentially switched low. Address decoding is completed
during the pracharge phase to Select (1) the sector of the
ROM core to be sensed, (2) the word line within the sector,
and (3) the bit and virtual gmund lines within the sector.
After PCl is switched low, selected virtual ground lines are
switched high by control signals, SELVD or SELVI shown
in l-‘IGS. Ho and III). DMYIII then starts charging rela»
tively slowly toward about 0.15 volt while DMYLO remains
low at ground. All BIT Iincs, connected from the memory
core to all the sense amplifier circuits, will either charge up
like DMYIII, or remain at about the DMYII) voltage level,
depending upon how the selected ROM cells are pro-
grammed.

Consider in particular the sensing operation when BIT
remains at the DMYII) level. At the start of the sensing
phase, DMYIIJ, DMYI II, and BIT are at the ground Voltage
level, namely the BI'I'gatesol'liE'l‘s54 and 56, DMYIII gate
of FET St] and DMYI—II gate ofFET 52. BIT remains at zero
volts. SAIN and SAREF are at the same voltage level of
about 2.2 volts. The source of lili'l's 66 and 68 is node Vs
which is coupled to ground through lilffl' 7hr lili'l‘ 70 has its
gate controlled by VRNV VRN is an internal reference
voltage for the difl'ereutial amplifier current sou rec. FET 70.
used in the sense amplifier circuit.

The gates of bills 66 and 68 start out at a balanced
voltage. m DMYIII ramps relatively slowly upward to
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about (1.15 volts, the conductance of [11;st becomes less,
SAREF is driven higher, and SAlN remains at the same
voltage level. As SAREF is driven higher. the conductivity
of FET 68 increases and NSLQ is driven to a lower voltage
level than $1.0.

Consider the sensing operation when BIT charges like
DMYHI. At the start of the sensing phase, DMYLO,
DMYHI, and BIT are at the ground voltage level, namely
BIT gates of 1‘8 54 and 56, DMYlll gate of FET 50 and
DMYI'I] gates of FET 52. SAIN and SAREF are at the same
voltage level ofabout 2.2 volts. Both 1511‘ and DMYIII then
ramp relatively slowly from the initial ground level to about
0.15 volts. As DMYHI ramps up slowly, the conductance of
FET 50 becomes less and SAREIJ is driven higher. At the
same time BIT ramps up slowly, the parallel conductance of
FETs S4 and 56 becomes less and SAIN is driven higher.
Because BIT gates are the two FETs 54 and S6 and DMYHI
gate is only one FET 50, SAIN is driven high at a faster rate
than SAREl". The gates of lill'l's 56 and 68 start out at a
balanced voltage. As SAIN is driven higher at a faster rate
than SAREF, the conductivity of FET 66 increases faster
than the conductivity of FET 68 and SLQ isdriven to a lower
voltage level than NSIQ.

By selectively varying the gate widths oil-‘E'l‘s 50—64, the

 

level shit'tingcircuit can shift the voltages SAIN and SARL‘IT ,
over a wide range of different values. The widths are tatioed
so that the differential amplifier operates with input voltage
levels providing maximum gain. This setting of voltages
improves the speed and accuracy of the dill'erential ampli-
fier. On the previous ditferential amplifier of FIG. 5, the
input levels were set at the internal preeharge voltage of the
memory core and could not be optimized for the best sense
amplifier performance.

The present design employs a cross coupled current
source to provide two current sources for the dilfercntial
amplifier. Initially these current sources are matched and
have the same capacitive load and impedance. As NSLQ and
$1.0 Change, so do the current sources so that gain is
provided to NSIQ and SLQ. For example, if BIT changes
like DMYLO, thcn SLO will start to go higher than NSLQ,
As SLQ starts to go higher then the conductance of FET 90
is reduced which helps NSI.Q to go lower and increases the
voltage difference between NSI,Q and 81,0. In the case
where N81 .0 starts to go higher, the conductance of FET 92
is reduced which helps SLQ to go lower and increases the
voltage ditfcrcncc between SLQ and NSLQ.

FEB 90 and 92 can by themselves provide too much gain.
lih'l's82 and 84 are used in parallel to control the gain of the
cross coupled current source. As the width-to-lengtb ratio
(W/L ratio) is increased for FETs 82 and 84, the gain of the
cross coupled current source is reduced. As the width to
length ratio (W11. ratio) is increased for [VETS 90 and 92, the
gain of the amplifier is increased. The desired gain for the
amplifier is determined and controlled by the Channel
dimensions of FETs 82, 84, 90, and 92.

Consider now how the data is latched. The ROM has a
circuit, herein called TRIG and shown in FIG. 7, which
detects when DMYIII is about t].l5 volts above DMYH).
When this occurs, another conventional timing circuit (not
shown). herein called SAMPCNTL. sequentially and
quickly switches SLCII high, then SLIN low, and then
SIPI) high. SIPI) is low during memory core precharge to
ground, sensing and latching of the data, then switches high.
The high level reduces the power dissipation of the sense
amplifier to zero. The latched data is retained.

As SICII switches high, l-‘E'l' 94 in FIG. 6 drives the
source terminals of bills 96 and 98 toward ground. In the
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case when BIT remains low like DMYLO, node SLQ is at
a higher voltage level than NSLQ at this time, and FET 9S
conducts more current than FET 96. FET 98 thus drives
NSLQ toward ground faster than FET 96 drives SLO,
resulting in ' "l' 96 being turned off, and N511) being driven
low by NET 98.

Next, as SUN switches low, FETs 100 and 102 drive the
source terminals of FETs [04 and 106 high. Since NSLQ is
held low by I T 98,1ilif 1114 conducts a higher current than
FET 106. I‘ll. [04 then drives SLQ to VDD. Also, as SLIN
switches low, l-ls'l‘s 74 and 76 are turned ofl‘ which isolates
the input FETs 66 and 63 from the latch circuit. This
prevents the subsequent prechargc of BIT, DMYLO. and
DMYHI from alfecting the latched data.

In the case when HIT charges high like DMYIII, NSIQ
is initially at a higher voltage level than SLQ, and NSLQ
will be higher than SLO after the latch operation. Since the
latch circuit comprised of FETs 94—102 is symmetrical the
latching operation is revursed for the case when BIT is low
as compared to the case when BIT is high as describedabove.

The design of the ditTercntial amplifier is optimized so
that the voltage level of SLQ and N810 is above the trigger
point of the inverters 86 and 88 during the sensing time. The
outputs ot'the sense amplifier, X0 and NXQ, are thereforeboth low until the data starts to latch. Before the data starts
to latch, neither NSLQ nor SLQ falls below the trigger point
ot“ the inverter. The outputs of the differential amplifier,
N511) and 5”), are latched by the time that one of these
outputs falls below the trigger point ofcither output inverter
86 and 88. In this way, the inverters act to block half level
otttputs ot' the ditfcrential amplifier until data is latched.

In previous designs there existed a race condition between
the output enable signal, 0E, switching high and the outputs
of the differential amplifier being latched. ll' OE switches
high too soon. then incorrect data could be sent to the output
drivers and this data may he outputted. OE can be delayed
to ensure that 015. does not switch high too soon, but this
time would be added to the access time of the ROM. Since
the inverters block half level outputs from the differential
amplifieruntfl the data is latched, the race condition does not
exist and 01.3 may switch high sooner than would otherwise
be possible.

Finally consider the powering down of the sense ampli-
fier. The sense amplifier automatically powers down at the
end ofa read cycle. When SLPD switches high at the end of
a read cycle, [diffs 78, SI], 60, and 64 are switched olf. There
is no current path through the voltage level shifters from
VDD to ground. The latch circuit comprised ofFETs 94—102
drives SLQ and NSLQ to VDD or ground depending upon
the data latched. With SLIN low, and SLPD high, there is no
current path from VDD to ground, so the poWer dissipation
is Zero for the remainder of the memory cycle.

The sense amplifier also operates in a stand by mode. In

 

 

_ the stand by mode, power consuming circuits in the ROM
are shut down to save power. NCE is switched high and
SLPD switches high. Because SIJ’D sw1tches high, liE'l‘s
336 and 338 in 1'16. 5 from the previous sense amplifier
design are not needed. Power down in the stand by mode is
the same asauton'tatic power down at the end ofa read cycle.

As stated, voltage level shifters can be used to advantage
in other circuits. The use of the voltage level shifters in other
circuits is demonstrated in FIG. 7. In this case, the voltage
level shifters are used with a differential amplifier to gen,
crate the signal, TRIG, in a timing circuit used in the ROM.
DMYLO and DMYlll are reference voltages that are close
to ground with a voltage difference of about lJ.l 5 volts. FE'l‘s
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1(1le and 110414 are two voltage level shifters. The
outputs ot'these voltage level shifters are TR“ and T111. TN)
and TRl are inputs to a differential amplifier that is used as
a timing circuit. When the voltage (lifl‘crence between
DMYU) and [)MYIII becomes large enough, the dill'eren-
tial amplifierdctects this dillerertce and TRIG switches from
low to high, Voltage level shifting circuits may thus Ix: used
with conventional CMOS difi‘erential amplifiers.

Virtual Ground and Hit Line Decoder
A (TMDS virtual ground and bit line decoder multiplexes

a selected main bit line and two virtua] ground lines. The
CMOS decoder provides an improved precharge to the
memory core as compared to NMOS decoders. because the
decoder is designed for use with a memory core that is
precharged to ground.

In the present design an additional decode is done by
means of the SELV lines. Because this additional decode is
done by means of the SELV lines, the present decoder uses
fewer ”fits and less area than would otherwise be possible.

An improved interlock method is provider] in a circuit
which is inherently faster and uses less silicon die area
hccause fewer gates are used, Crowhar current is normally
no significant but can become very significant when large
IiL s are used. This interlock method avoids these crowbar
currents.

Consider first the architecture of the virtual ground and bit
line decoder circuit. The vinual ground and bit line decoder
circuit functions as a multiplexer. FIG. 9 shows a simplified
schematic of how this function is implemented. In FIG. 9,
SELVIJ and SELVl are mapped into many virtual ground
lines in the core and one ot'many main bit lines from the core
is mapped to the BIT line. The lines carrying the signals,
SELVII and SELVI, are collectively known as the SELV
lines. SELVO is a control signal from one of two voltage
sources for the virtual ground lines. The present design has
two virru at ground voltage sou rces, Both voltage sources are
initially low, then one voltage source goes high while the
other voltage source stays low The voltage source that goes
high is determined by an address decode. SELVI is a control
signal from the other one of the two voltage sources for the
virtual ground lines. AY[4] is the address that determines
whether SLEI.V0 or SELVI will go high during a read cycle
If AY[4] is low, then SELVII will go high. lfAY[4] is high,
then SELVI will go high. The signal, mitt, refers to themain bit line of the ROM. The main bit line is the selected
bit line through which the selected core FETcan output data
Data from the memory core is read through the main bit line

The multiplexer has two sets ol‘ addresses as shown in
FIG. 9. YDL[()] through YDLU] arc decoded lower
addresses. YDU is a decoded upper address. These address
lines go to the gates of FETs that act as pass transistors.
These pass transistors are connected in series. [For example,
Yl)l.[3] goes lo the gate of FETs llfielZl] and YDU goes to
the gate of FETs 1224.26. FET 116 is in series with FET
122, PET 118 is in series with FET 124. and PET 120 is in
series with FE'I' 126. Several dillerent multiplexing designs
are compatible with the invention and the one chosen is
illustrated not by way of limitation but only by example for
the purposes of clarity. The design of the low address block
is unique. For example. multiplexing methods with any
number of pass gates connected in series may he used. The
present design has two FETs in series but will also work
without the high address block decoder or with two highaddress blocks connected in series.

FIG. 9 also shows a prccharge-tn‘ground block 117.
BloCk 117 is composed of a plurality of FETs 119, all of
which are connected in parallel. Liach liE'l' 1l9 has a source
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connected to ground, a gate connected to PCI, and a drain
connected to either a main bit line or a virtual ground line in
the memory core. PCl is a prcchargc clock signal. PCl
prcchargcs to ground all the virtual ground and bit lines in
the core before and after core evaluation. VG] . is the virtual
ground line. The Core has many virtual ground lines, but
only two are selected for each selected hit. One selected
Virtual ground line stays low. The other selected virtual
ground line is low at the beginning of the cycle to help
discharge the memory core and then switches high to act as
a voltage source for the memory core. After core evaluation,
this selected virtual ground tine switches low again to help
discharge the memory core for the start of the next core
evaluationi All virtual ground lines are precharged to ground
during core precharge All unselected virtual ground lines
are floating at ground during core evaluation.

Every main bit line and virtual ground line in the memory
core is connected to a prechargc FET in prechttrgc-to-grou nd
block 117. A memory core bleak 121 is also shown in FIG.
'J. Block [21 is repeated in rows and in columns to form the
memory array. A detailed drawing of memory block 121 is
described in connection with FIGS, 1 and 2.

FIG. 9 further shows that the drain of FET 128 is
connected to 15“; its source is connected to ground, and its
gate is connected to PCZ. When PCZ switches high, HIT is
precharged to ground through FET 128. PC2 is a precharge
clock. PC2 precharges to ground all BIT lines before and
after core evaluation.

Consider now the circuit which generates the multiplex-
ing control signals, SELVI] and SELVI, FIG. 10 shows the
circuit that generates SELVII and SELVl. Address AY[4] is
inverted once and used to generate SELVtI, Address AY[4]
is inverted again to generate SliLVl. This address enables
one SELV line ll.| go high during a read cycle and forces the
other SELV line low. For example, if AY[4] is high then
node 130 is high, node 132 is low, and node 134 is high. FET136 will he on and SELVII will he forch low.

Consider now how the interlock circuit of FIG. 10 avoids
cruwbar currents in a driver that must switch large capacitive
loads. NAND gate 138 has the inputs SEL and AY[4]
inverted twice, SET. is a memory control signal which
controls the rising and falling edges of SELVI] and SELVI.
When Sill. goes high, SELVD or SELMI will risc.When SLil.
goes low, SE1 .VII and SELVI will go low.

The output of NAND gate 138 is node 14". Node 140 is
the input of inverter 142 whose output is node 144. Node
144 is an input to a complex gate 146. Gate 146 also has
inputs SE1. and AY[4] inverted twice. Node I44 gates t’li't‘
I48 and node 150 gates FET 152. The drain of FET 148 is
connected to VSEL. VSEL is a voltage source for the SELV
lines. VSEL may be shorted to VDD or may be at a lower
voltage. The source ofIiLiT 148 and the drain of ”If 152 are
connected together antl form SELVL The interlock circuit is
repeated in FETs 136, and 154460 to generate SELVO as_ described above.

(Trowbar currents be very large when inverters and
logic gates use large st When CMOS inverters and logic
gates switch, there is a period of time where both the PMOS
and the NMOS FETs are partially turned on. The current that
flows through these FETs is called crowbar current. Crowbar
current is normally not significant, but can become Very
significant when large Iii—71's are used. This interlock method
avoids these crowbar currents. If this method, FETs 148 and
152 are very large FETs because they must drive a very large
capacitive load. The interlock method was devised to ensure
that lill'l' 148 turns all before liE'l' [52 turns on, and that
FET 152 turns off before FE'I‘ 148 turns out In [his method
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there can he no crowbar current through FETs 148 and 152
because one ofthcse l-‘E'l‘s will always be ofl'when the otherFET is on.

Consider the operation of the virtual line decoder circuit
and bit line decoder circuit as improved in the invention.
FIGS. [in and b are liming diagrams of the virtual ground
and bit line decoder operation. These timing diagrams are
very similar to FIG. 3. but additional timing signals have
been added which are relevant to the operation of the vinual
ground and bit line decoder. The time between T1 and '12 is
the memory core precharge time. The interval between T2
and '13 the core evaluation period, and the interval after T!
the core reset period. SEL is low on timing line 162 and both
SELVD and SELV1 are at ground on timing lines 164 and
166 respectively. it is at '1‘] that PC] switches high on timing
line 168 and the core is preeharged to ground through
precharge-to~ground block L17 as shown itt FIG. 9. Thus,
before the start ofcach read cycle. a]] the virtual ground line
and main bit line of the memory elm: are driven to ground
by means ofthe PC] clock. The selected two virtual ground
Lines are additionally precharged to ground through another
path in the decoder circuit. The upper and lower addresses
are selected during the core preclrarge time and SELVI) and
SELVI are both driven to ground during the '1'] to T2
interval. 'lhus there exists a precharge path to ground for the
two selected virtual ground lines. For example. in FIG. 9, it‘
YDLB] and YDU switch high during the core prechargc
time. SEINO and SE1 .Vl are both low and VGIJ and VGIZ
are preehargcd to ground through FE'I' 116. FET 12, FL?!
121) and FET 126. PL“: switches high on timing lint: 170 as
PC] switches high on timing line 168,E1Tis precharged to
ground through FET 128.

Aller the core and the word line from the previous cycle
have been adequately discharged, SE11 switches high and
then either SELVD or SELVl goes. high. A FET in the ROM
is selected by the appropriate combination of WL, BS.
SELVDor SELVl. and CA or CB line. The signal 131T on the
main bit line will rise if the selected memory core FET is
programmed with a low threshold level. The signal BIT on
the main bit line will stay low if the seiccted memory core
FET is programmed with a high threshold level.

Different paths through the memory vote are selected by
SELVD and SELV]. ll' SELVB goes high, then one path
through the memory core is selected. if SELV] goes high,
then another path through the memory core is selected. The
decoding of the two SELV lines is unique and necessary for
proper addressing of the selected memory cell. By decoding
an address in the two SELV lines. the vinual ground line
decoder is made simpler, less l is are needed and the
silicon die area of the circuitry is reduced.

By controlling the voltage of VSEL we can control the
voltage level of the SELV lines. The SELV lines have the
highest voltage in the memory core. lligh voltages in the
memory core can cause the PETS of the memory core to
breakdown because of the very small dimensions of these
PETS. By controlling the voltage level of VSlil.. FET
breakdowns in the memory core can be avoided.

Al the end of the read cycle at time T3. the selected SELV
line. SELVI for example on tinting line 166. is forced low
as quickly as possible by SEL going low on timing line 162.
By forcing the selected SELV line low. the selected virtual
ground line is quickly precharged to ground and made ready
for the next read cycle during core reset as shown on timing
line 172. If the selected main bit line has been driven high
during the previous read cycle, then there exists a path from
the virtual ground lines to the main hit line. Switching the
virtual ground lines low will therefore discharge the main bit
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line through the same path which charged the main bit line
high as shown on timing line 174. This is the case where it
is important to discharge the main bit line. In the other case
where there is no current path from the vinual ground lines
to the main bit line. the main bit line has not risen and does
not need this extra prcehargiug to ground also shown on
timing line 174.

Proper operation of' the interlock method requires that thetwo large output FE'l‘s 141i and 152 must never both he on
at the same 131110.11) ensure this condition. node 144 must be
low before node 150 starts to switch high. and node 151]
must be low before node 144 starts to switch high.

FIG. 12 shows a timing diagram of the interlock circuit.
Signal AY[4] switches first on timing line 176 and later SEL
goes high on timing line 178. lfAYH] is high, then node 140
switches low, node 144 switches high. and FET 1411 drives
SELVI high asshown on timing line 180 after SEstilchcs
high 0n timing line 178. If AY[4] is low, then node 130
switches low. node 132 switches high. and FET 158 drives
SELVO high after SE1. switches high.

Assume that AY[4] switches high. When SEL switches
high. there are two timing paths to consider. In one path,
node 14-1] switches low. node 14-4 switches high, and FET
148 turns on. In the other path. node fill) switches low and
FET 152 turns ofl'.Tl:te path that turns FET 152 all has fewer
stages than the path that turns FET 148 on. Because the path
that turns FET 152 off has fawer stages. this path is faster
than the path that turns l-'I:"l‘ 148 on FE'l' 152 is sullieiently
turned off before FET 148 turns on so that crowbar current
is negligible.

When SELSWitctteslow at the end ofa cycle, there is only
on: timing path to consider. Node 1.40 switches high. node
144 switches low. and node 150 switches high. Because
node 144 switches low before node 150 switches high. FET
148 is sullicicutly turned ofl'hcfore FET 152 turnson so that
cmvdaar current is negligible.

Many alterations and modifications may be made by those
having ordinary skill in the art without departing from the
spirit and scope of the invention,

therefore. it must be understood that the illustrated
embodiment has been set forth only for the purposes of
example and that it should not be taken as limiting the
invention as defined by the following claims. The following
claims are. therefore, to he read to include not only the
combination of elements which are literally sci forth. but all
equivalent elements for performing substantially the same
function in substantially the same way to obtain substan-
tially the same result. The claims are thus to be understood
to include what is specifically illustrated and described
aboVe, what is uonoeptionally equivalent, and also what
essentially incorporates the essential idea of the invention.We claim:

1. An improvement in a method for decoding a plurality
of virtual ground lines and bit lines in a memory core
comprising the steps of:

driving all virtual ground lines in said memory core low;
multiplexing two virtual ground lines in a memory core.

by holding a selected lirst vinual ground line low and
keeping a selected second vinual ground line low for
memory Core discharge; and by driving said selected
second virtual ground line high for core evaluation;

evaluating said memory core;
keeping all unselected virtual ground lines floating during

said step of evaluating said memory core; and
switching said second virtual ground line low for memory

core discharge in preparation for subsequent memoryour: evaluation.
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2. The improvement of claim 1 further comprising the
step ofprecharging a BIT line to ground prior to said step of
evaluating said eore, said BIT line being selectively coupled
to said bit lines in said memory.

3. A decoder for producing twu memory multiplexing
signals, SELVO and SELVI, capable of driving a large
capacitive memory load, said decoder couplerl between a
high voltage supply and around and comprising:

demde means for selectively decoding an address signal
to drive one ol‘ said two memory multiplexing signals,
SELVfl and SELVl, high and the other low; and

drive means coupled to said decode means and I'm gen-
erating said two memory multiplexing signals, SELVO
and SELVl. in response to said decode means. said
drive means being tristated, without generating any
current between said high voltage supply and ground
when switching between said low and high logic levels
of SELVD and SELVl, whereby noise to ground isreduced.

4. The decoder of claim 3 wherein said drive means is
comprised of a pair ofth large liLi'l's coupled in series, said
memory multiplexing Signals, SE1 V0 and SIELVI, being
derived respectively from said coupling between one of said
pair of said two large FETs, said rlrivc means comprising
means for luming each one uisaid two large '
turning on the other one of said two large FL‘ 5 in each 01'
said pairs of FETs, so that one of said FETs of each pair will
always be off when the other one of said pair ot'FETs is one

5. The decoder of claim 3 wherein said memory multii
plexingsignals, SE1 .V0 and SELVI, have a voltage level set
by said high voltage supply at a decoder supply voltage,
VSEL, said memory multiplexing signals. SELVO and
SELVl, having the highest voltage level in said memory
core, wherein voltage levels of said memory multiplexing
signals, SELVO and SELVL are set at a level low enough to
avoid memory breakdowns in said memory core.

6. A method for producing two memory multiplexing
signals, SELVI] and SELVl, capable of driving a large
capacitive memory load comprising the steps of:

 " ”s rtliheliire ’

It!

is

2t!
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selectively decoding an address signal to determine which

one of said two memory multiplexing signals, SELVO
and SELVl, is to be driven high and the other to be
driven low; and

generating said two memory mulliplexingsignals, SELVO
and SELVl, as trislated signals, without generating any
crowbar current when switching between said low and
high logic levels Ltl. SELVO and SEINI, whereby noise
to ground is reduced.

7. The method of claim 6 wherein said step of generating
comprises the step of controlling one FET in a pair of two
large coupled in series, said memory multiplexing
signals, SL'LVO and SELVI, being derived respectively from
said coupling between one of said pair of said two large
F ETS. said step ofcontrolling comprises the steps of turning
each one of said two large I’E'I‘s olI hel'nre luming on the
other one of said two large FL- F5 in each of said pairs 01'
FE'l's. so that one of said FETs of each pair will always be
otf when the other one of said pair of FETs is on.

H. The method ol’ claim 7 further comprising the step of
setting the voltage levels of said memory multiplexing
signals. SELV‘I and SE1 ,Vl, by a decoder supply voltage,
VSEL. said memory multiplexing signals, SELVO and
SELVl, having the highest voltage level in said memory
core, wherein voltage levels all said memory multiplexing
signals, SELVO and SELVI, are set at a level low enough to
avoid memory breakdowns in said memory core.

9. A driver circuit for driving a large capacitve load while
avoiding crowbar currents comprising:

two large I’E'l‘s coupled in series, an output signal being
derived from said coupling between said two large
“I , and

means for turning cach onc of said two large FETs off
before turning or] the other one of said two large FETs,
so that one of said liLiTs will always he oil' when the
other one ol‘ said [VETS is on so that no crnwhar current
is generated as said lwo large l'iETs are switched,
whereby noise to around is reduced.
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ABSTRACT:

PURPOSE: To output a digital signal whose distortion is
eliminated by applying
differential constitution to an interface circuit recovering a
digital signal
in a reception circuit of a digital signal and supplying a
differential output

signal to a distortion compensation circuit comprising a couple
of flip-flop
circuits and a decoder circuit.

CONSTITUTION: A reception amplifier 11. an identification circuit
21 and a TTL
level conversion circuit 31 have non—inverting and inverting
outputs to apply
differential constitution. The TTL level conversion circuit 31
is provided
with a nonvinverting switching TR 31 and an inverting TR 32. A
signal at a
non-inverting output 5 and an inverting output 6 is given to a
Clock input
terminal of flip-flop circuits 51. 52 of the compensation
circuit. From the

output waveform of the circuits 51. 52. a recovery signal is
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formed only at the
leading or trailing of the signals 5, 6 by the decoder circuit
and a signal
having a waveform 9 is obtained as an output signal of the
compensation circuit
by using the trailing only. Since the same delay time is givenat the

leading/trailing of the input signal in an interface circuit 41
in this way
the distortion of a code against the duty factor is cancelled.
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CIRCUIT FOR PRODUCING lflW—VOIII‘AGE
DIFFERENTIAL SIGNALS

FIELD OI" THE INVENTION

This invention relates generally to methods and circuits
for providing highespecd, lowivoltage ditfcrential signals.

BACKGROUND

The Telecommunications Industry Association (TIA)
published a standard specifying the electrical characteristics
of lowivoltage differential signaling (LV'DS) interface ch",
cults that can be used to interchange binary signals. LVDS
employs low-voltage differential signals to provide high-
speed, low-power data communication The use of differ-
ential signals allows for cancellation of commonimode
noise, and thus enables data transmission with exceptional
speed and noise immunity, For a detailed description ofthis
LVDS Standard, see "Electrical Characteristics of Low
Voltage Differential Signaling (LS/US) Interface Circuits,"
TWElA—644 {March 1996), which is incorporated herein
by reference.

FIG. 1 (prior art) illustrates an LVDS generator 100connected to an LVDS receiver 110 via a transmission line
115. Generator 100 cttnverts a single-ended digital input 7
signal DilN on a like-named inpttt terminal into a pair of
complementary LVDS output signals on ditferential outputterminals TX A and TX B. A liltlvohm termination load
R1. separates terminals 'I'XJ and ‘l‘Xili. and sets the
output impedance of generator 101] to the level specified inthe abovekreferenced LVDS Standard.

LVDS receiver 110 accepts the differential input signalsfrom terminals TX A and TX B and converts them to a
singleended output signal I) ()U'll The LVDS Standard
specifies the properties of LVDS receiver [10. The present
application is directed to difierentialisignal generators: a
comprehensive discussion of receiver Ill] is not included in
thc present application.

FIG. 2 (prior art) schematically depicts LVDS generator
100 of FIG. I. Generator 100 includes a preamplifier 200
connected to a driver stage 295. Preamplifier 20" receives
the single-ended data signal DiIN and produces a pair of
complementary data signals D and DI (signal names termii
nating in “f" are active low signals). Unless otherwise
specified, each signal is referred to by the corresponding
node designation depicted in the figures Thus, for example,
the input terminal and input signal to generator ltltl are both
designated D IN, In each instance, the interpretation of the
node designation as either a signal or a physical element is
clear from the Contextr

Driver stage 205 includes a PMOS load transistor 207 and
an NMOS load transistor 2109. each of which produces a
relatively stable drive current in response to respective bias
voltages Pill/XS and NBIAS. Driver stage 205 additionally
includes four drive transistors 211, 213, 215, and 217.

Ifsignal |)_IN is a logic one (e.gt, 3.3 volLs), preamplifier
20" produces a logic one on terminal D and a logic zero
(cg, zero volts) on terminal Dr'. The logic one on terminal
I) toms on transistors 211 antl 217, causing current to [low
down through transistors 20? and 211, up though terrrtina-
tion load RI“ and down through transistors 217 and 209 to
ground (see the series of arrows 219). The current through
termination load RL develops a negative voltage between
output terminals TX, A and '1'X_ B.

Conversely, if signal DilN is a logic were, preamplifier
20" produces a logic zero on terminal I) and a logic one on
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terminal Dr. The logic one (in terminal Dr turns ttn transistors
213 and 215, causing current to flow down through transistor
20?, transistoerS. termination load RL, transistor 213, and
transistor 209 to ground (see the series of arrows 221). The
current through termination load RI. develops a positive
voltage between output terminals TX,/\ and TX,”-

li'IGt 3 (prior art) is a waveform diagram 300 depicting the
signaling sense of the voltages appearing across termination
load RL of FIGS, 1 and 2. LVDS generator 100 produces a
pair of rtifl‘erential output signals on terminals 't'X A and
'I'Xili. The LVDS Standard requires that the voltage
between terminals TX_A and TX_B remain in the range of
250 mV to 450mV, and that the voltage midway between the
two diEterential voltages remains at approximately 1.2 volts.
Terminal TX,A is negative with respect to terminal 'I'Xit;
to represent a binary one and positive with respect to
terminal B to represent a binary zero.

A programmable logic device (PLD) is a well-known type
of [C that may be programmed by a user {e.g., a circuit
designer) to perform specified logic functions. Most FIDS
contain some type of inputf'output block ([03) that can be
configured either to receive external Signals or [it drive
signals otf chip, One type of PLD, the fieldiprogrammable
gate array (FPGA), typically includes an array of config-
urable logic blocks (CLBS) that are programmahly inter»
connected to each other and to the programmable IOBS.
Configuration data loaded into internal configuration
memory cells on the FPGA define the operation of the FPGA
by determining how the CLBS, interconnections, block
RAM, and [OBS are configured.

10135 configured as output circuits typically provide
single-ended logic signals to external devices As with other
types of circuits, PLDs would benefit from the performance
advantages ofl'ered by driving external signals using difi‘eri
cntial output signals. There is therefore a need for IDIis that
can be configured to provide differential output signals.
There is also a need for LVDS output circuits that can be
tailored to optimize performance for difierent loads.

SUMMARY

The present invention addresses the need for ditl‘erential-
signal output circuits that can be tailored for use with
different loads. In accordance with one embodiment, one or
more driver stages can be added, as necessary, to provide
adequate power for driving a given load. Driver stages are
added by programming one or more programmable
elements. such as memory cells. fuses. and antifuses,

A difi'crential driver in accordance with another embodi-
ment includes a multistage delay element connected to a
number of consecutive driver stages. 'Ihe delay element
produces two or more pairs of complementary input signals
in response to each input-signal transition, each successive
signal pair being delayed by some amount relative to the
previous signal pair. The pairs of complementary signals are
conveyed to respective driver stages, so that each driver
stage successiVely responds to the input-signal transition.
The output terminals of the driver stages are connected to
one another and to the output terminals of the difl'erential
driver. The ditferential driver thus responds to each input,
signal transition with increasingly powerful amplification.
The progressive amplification produces a corresponding
progressive reduction in output resistance, which reduces
the noise normally associated with signal reflection.

Extendable and multi-stage ditfcrential amplifiers in
accordance with the invention can be adapted for use in
PLDs. In one embodiment, adjacent pairs of [Otis are each
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provided with hallof the circuitry required to produce LVDS
signals. Adjacent pairs of [0B5 can therefore be used either
individually to provide singlcecnclcd input or output signals
or can be combined to produce dilfercntial output signals,

This summary does not limit the ll‘lVenlinn, which is
instead defined by the appended claims

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 (prior art) illustrates an LVDS generator 100
connected to an LVDS receiver 110 via a transmission line
115.

FIG. 2 (prior art) schematically depicts [MDS generator100 of FIG. I

FIG. 3 (prior art) is a Waveform diagram 31H] depicting the
signaling sense of the voltages appearing across terminationload RL of FIGSV l and 2.

FIG. 4 depicts an extensible dilferential amplifier 400 in
accordance with an embodiment ol‘ the invention.

FIG. 5A is a schematic diagram of predriVer 405 of FIG.4

FIG. 5B is a schematic diagram of driver 415 of FIG. 4.
FIG. 5C is a schematic diagram ol‘extended driver 410 ofFIG. 4,

FIG. 6 depicts a multistage driver 600 in accordance with
another embodiment of the invention.

FIG. 7A schematically depicts a predriver 700 in which a
predriver is connected to delay circuit 605 of FIG. 6 to
develop three complementary signal pairs.

MG. 713 schematically depicts dill'erenlial-amplilier
sequences 610 and 615 and termination load 620, all ot‘FIG.6

FIGS. 8A and BB schematically depict a programmable
bias-voltage generator 800 in accordance with an embodi-ment of the invention.

IJE’I‘AIIJJD DliSCRIl-Vl'lON

FIG. 4 depicts an extensible dill'erential amplifier 400 in
accordance with an embodiment ot'the invention. Amplifier
400 includes a predriver 405 connected to a pair of driver
stages 410 and 415. The combination of predriver 405 and
driver 415 operates as described above in connection with
FIGS. 2 and 3 to oonvcn the singlcecnded input on terminal
I) IN intr) differential output signals on lines 'l'X A and
TX78. In accordance with the invention, driver 410 can be
activated as needed to provide additional drive power. In one
embodiment. drivers 410 and 415 reside within a pair of
adjacent programmable IOBs (collectively labeled 417) and
lines TxiA and 'rxin connect tn the respective input]
output (HO) pads of the pair. This aspect of the invention isdetailed below.

The program state of a configuration bit 420 determines
whether amplifier 400 is enabled, and the program state of
a second configuration bit 425 determines whether the driver
stage ol‘ amplifier 400 is extended to include driver 410. An
exemplary configuration bit is described below in connec-
tion with FIG. 8A.

Ifbit 420 is programmed to provide a logic one on “enable
differential signaling" line EN IJS, then predriver 405 and
driver 415 function in a manner similar to that described
above in connection with FIG. 2. If desired. the drive
circuitry can be extended to include driver 410 by program,
mi ng bit 425 to provide a logic one on “extended dilfercntial
signaling" line X708. The signals on lines X7055 and
EN_[)S are logically combined using an AND gate 430 to
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produce an “enable termination load" signal ENi'l‘ to driver
415. This signal and its purpose are described below in
connection with FIG. SB.

FIG. 5A is a schematic diagram of an embodiment of
predriver 405 of FIG. 4. Predriver 405 includes a pair ofconventional lri-state drivers 500 and 502. A conventional
inverter 504 provides the complement of signal EN_DS.

Amplifier 400 is inactive when signals EN_DS and
EN D5} are low and high, respectively. These logic levels
cause tristate drivers 500 and 502 to disconnect input
terminal I)_IN from respective trislate output terminals T1
and TL Signal ENill‘S and its complementary signal
EN DS/ also connect terminals TI and T2 to respective
supply voltages VCCO and ground by turning on a pair of
transistors 506 and 508i Thus, terminals '1'] and 12 do not
change in response to Changes on input terminal DilN
when differential signaling is disabled. In the case where
amplifier40ll is implemented using [035 in a programmable
logic device, amplifier 400 may be disabled to allow the
I()BS to Perform some other input or output function.

Amplifier 400 is active when signals EN,DS and
EN_I)SI are high and low, respectively. These logic levels
cause tristate drivers 50!) and 502 to connect input terminal
D IN to respective tristatc output terminals TI and T2.
Signal EN DS and its complementary signal EN DSJ also
disconnect terminals TI and 1‘2 from respective supply
voltages VCC‘O and ground by turning oEI' transistors 506
and 508. Thus, terminals T1 and T2 change in response to
signal D ,IN when ditferential signaling is enabled.

'I‘ristate output terminals T1 and '12 connect to the respec-
tive input terminals of an inverting predriver 510 and a
nun-inverting predriver 512. Predriver 510 includes a pair of
conventional inverters 514 and 516i Inverter 514 produces a
signal D, an inverted and amplified version of the signal on
line T1; inverter 516 provides a similar signal to a test pinSIS. l-‘rcdrrver 512 includes three conventional inverters
520. 522, and 524. Prcdriver 512 produces a signal Di, the
complement of signal D. Inverter 524 provides a similar
signal to a test pin 526.

Each inverter within predrivers 510 and 512 is a CMOS
inverter in which the ratios ot‘ the PMOS and NMOS
[ransistors are as specified, These particular ratios were
selected so that signals D and DI transition simultaneously.
or very nearly so. Dilferent ratios may be appropriate,
depending upon the process used to produce amplifier 400.
Adjusting layout and process parameters to produce syn-
chronized complementary signals is within the skill of thosein the art.

As discussed above in connection with FIG. 4, amplifier
400 can be extended to include additional drive circuitry,
which may he needed to drive some loads while remaining
in compliance with the LVDS Standard. Returning to FIG.
5A, a pair of NOR gates 528 and 530 facilitates this
extension by producing a pair of complimentary extended-
data signals DX and I)X:’ when signal X IDS.t is a logic zero.
indicating the extended driver is enabled Extended-data
signal DX is substantially the same as signal D, and
extended data signal DX! is substantially the same as signal
Di. Signals DX and DX/ are conveyed to extended driver
410, the operation ol'which is detailed below in connection
with FIG. 5C.

FIG. SB is a schematic diagram of driver 415 of FIG. 4.
Driver 415 is similar to driver stage 205 of FIG 2. like,
numbered elements being the same. Unlike driver 205,
llflwever, driver 415 includes a programmable terminaLion
load 54". Further, load transistors 207 and 209 of FIG. 2 are
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replaced with pairs of parallel transistors, so that transistors
211 and 215 connect to VCCO Vin respective FMOS tran-
sistor 532 and 533, instead ofvia a single transistor 207, and
transistors 213 and 217 connect to ground via respective
NMOS transistors 534 and 535, instead of via a singletransistor 209.

Employing pairs of load transistors allows driver 415 to
be separated into two similar parts 536 and 533, each
associated with a respective one of terminals TX A and
TX ll. Such a configuration is convenient, t‘or example,
when driver 415 is implemented on a PU) in which tenni-
nals TX_A and TX_B connect to neighboring [/0 pins
Each pan 536 and 538 can be implemented as a portion of
the IOB (not shown) associated with the respective one of
terminals TX,/\ and 'lxilii 'I‘errnination load 540 can be
part ol‘either JOB, neither IOll, or can be split between the
two. It] one embodiment, transistor 542 is included in the
[03 that includes pan 536, and transistor 543 is included in
the IUD that includes part 538.

Programmable termination load 54" includes a pair ol‘
transistors 542 and 543, the gates of which connect to
terminal ENi'I'. As shown in l"l(i. 4, the signal LiNi'l' is
controlled through AND gate 430 by configuration bits 420
and 425, Termination load 54“ is active (conducting) only
when differential signaling is enabled in the nonextended ’
model This condition is specified when configuration bit 420
is set to a logic one and configuration bit 425 is set to a logiczero.

Driver 415 includes a number of terminals that provide
appropriate bias voltages. Terminals PBIAS and NlllAS
provide respective bias levels establish the gain driver 415,
and common terminals PCOM and NCOM conventionally
establish the high and low voltage levels on output terminals
TX A and TX B. Driver 415 shares the bias and common
terminals with extended driver 410 (See FIG. 5C).

The bias levels PBIAS and NBIAS are important in
defining I,VI)S signal quality. In one embodiment, NMOS
transistors 534 and 535 are biased to operate in saturation to
sink a relatively stable current, Whereas PMOS transistors
532 and 533 are biased to operate in a linear region.
Operating transistors 532 and 533 in a linear region reduces
the output resistances of those devices. and the reduced
resistance tends to dissipate signal reflections returning toterminals TX A and TX B. Reduced reflections translate
into reduced noise, and reduced noise allows signals to be
conveyed at higher data rates. Circuits for developing appro-
priate bias levels for the circuits of FIGS. 5A—7B are
dismissed below in connection with FIGS. 8A and SB.

FIG. SC is a schematic diagram 01' one embodiment of
extended driver 410 of FIG. 4. Extended driver410 includes
a pair of driver stages 544 and 546 and a programmable
termination load 548. Driver stages 544 and 546 can be
included, for example, in respective adjacent [035 on a
Pl.D,Tem1ination load 548 can be part ot‘either 1013, neither
IBM, or can be split between the two. The various terminals
of FIG. 5C are connected to like-named terminals ol‘ FIGS.
SA and 58.

Driver stage 544 includes a PMOS load transistor 55'], a
pair of N'MOS tlitferentialrlrivcr transistors 552 and 554
having their gates connected to respective extended-driver
input signals DX and DXI, a diode—connected PMOS tran-
sistor 556, and a PMOS transistor 558 connected as a
capacitor 14 between terminal VCCO and terminal PCOM,
Transistors 550, 552, and 554 combined amplify the
extended—driver signals DX and DXrt to produce an ampli-
Iied output signal on output terminal TX_A. In one
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embodiment, transistor 556 is diode-connected between
terminals PCOM and VCCO to establish the appropriate
level for line PCOM, which is common to both drivers 410
and 415. Finally, transistor 558 can be sized or eliminated as
desired to minimize noise on line PCOM. Driver stage 546
is identical to driver stage 544, eXcept that lines DX and DX/
are connected to the opposite dilIerential driver transistors.
Consequently, the signals on output terminals TX A and
TX B are complementary. Driver stages 544 and 546 thus
supplement the drive strength provided by driver stage 415.

As shown in FIG. 4, the extend-dilTerential-signaling
signal X_DS is a logic one when CBIT 425 is programmed.
However, programming CBIT 425 causes AND gate 430 to
output a logic zero, disabling termination toad 532 of FIG.
513. Thus, programming CIIIT 425 substitutes terminaLion
load 54% for termination load 532, thereby increasing the
termination load resistance to an appropriate level. In one
embodiment, the resistance of termination load 532 is
selected so that the resulting output signal conforms to the
LVDS Standard.

FIG. 6 depicts a multi-stage driver 600 in accordance with
another embotliment ofthe invention. Driver 600 includes a
multistage delay circuit 605, a first sequence of differential
amplifiers 610, a second sequence of differential amplifiers
615, and a termination load 620. For illustrative purposes.
the amplifiers of sequences 610 and 615 are referred to as
"highaside" and “towiside” amplifiers, respectively, In (life
fcrent embodiments, each amplifier sequence 61" and 615
can be implemented as a portion of the 103 (not shown)
associated with the respective one of terminals 't'XiA and
'I'X_Bt Termination load 620 can be part of either [03,
neither [03, or can be split between the two.

Delay circuit 605 receives a pair of complementary sig-
nals D and D} on a likeinamed pair of input terminals. A
sequence of delay elements—conventional butters 625 in
the depicted examplefi-prtivides a first pair of delayed
complementary signals D1 and D1,t and a second pair of
delayed complementary signals D2 and D21.

Sequence 610 includes three difierential amplifiers 630,
631, and 632, the output terminals of which connect to one
another and to output terminal TX_A, The dillerential input
terminals of each of these high-side amplifiers connect to
respective complementary terminals from delay circuit 605.
That is, the noninverting (+) and inverting (7) terminals of
differential amplifier 630 connect to respective input termi-
rtals D and D], the non-inverting and inverting terminals of
diltcrential amplifier 631 connect to respective input termi-
nals D1 and D11, and the non—inverting and inverting ter-
minals of differential amplifier 632 connect to respective
input terminals DZ and Ill/t When the signal (in terminal I)
transitions from low to high, each of amplifiers 630, 631,
and 632 consecutively joins in pulling the voltage level on
terminal 'I‘X A high as the signal edges on terminals D and
Dr propagate through delay circuit 605. Conversely. when
the signal on terminal 1) transitions from high to tow, each
of amplifiers 630, 631, and 632 consecutively joins in
putting the voltage level on terminal TX_A low.

Sequence 615 includes three ditfcrcntial amplifiers 634,
635. and 636. the output terminals of which connect to one
another and to terminal TX Ii. Sequence 615 is similar to
sequence 610, except that the differential input terminals of
the various towiside dilfcrential amplifiers are connected to
opposite ones of the complementary signals Erotn delay
circuit 605. Thus, when the signal on terminal D transitions
from low to high, each of amplifiers 634, 635, and 636
consecutively joins in pulling the voltage level on terminal
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'I'Xill low as the signal edges on terminals D and I)!
propagate through delay circuit 605, and when the signal on
terminal D transitions from high to low. each of amplifiers
634, 635, and 636 consecutivelyjoins in pulling the voltage
level on terminal 'I‘X_B high.

Driver stage 600 is similar to driver stage 415 of FIGS. 4
and 5A. except that driver stage 600 progressively increases
the drive strength used to provide amplified signals across
termination load 620, and consequently progressively
reduces the output resistance of driver stage 600. Progres-
sivety reducing the output resistance of amplifier 600
reduces the amplitude of reflected signals. This efiect. in
turn, reduces the noise and increases the uscahle data rate 01‘
the LVDS circuitry. While illustrated as having three driver
stages, other embodiments of amplifier 600 include more or
fewer stages. FIG. 7A schematically depicts a predriver 700
in which predriver 405. detailed in FIG. SA, is connected to
delay circuit 605 ct“ II'IG. 6 to develop the three comple-
mentary signal pairs (cg, [) and D/) of FIG 6. The various
elements of prcdrivcr 405 are described above in connection
with FIG. 5A,1ike7numbed elements being identical In one
embodiment, each butfcr 625 is an instance of non-inverting
delay circuit 512. IVIG. 7t; schematically depicts diiTercntial-
amplifier sequences 610 and 615 and termination load 620,
all of FIG. 6. The difl'ercntial amplifiers in sequences 610 7
and 615 are substantially identical. except the D and DI‘ input
terminals are reversed. The following description is limited
to a single differential amplilier (630) I'or brevityr Differen-
tial amplifier 630 includes a PMOS load transistor 700, an
NMOS load transistor 705. and a pair of active transistors
710 and 715 having their respective gates connected to data
inputs I) and DI. One embodiment of amplifier 4-00 old-1G.
4 employs driver stage 600 in place of driver 415 (detailed
in FIG. 5B).Arnplifier sequence 61!] may include a capacitor
725 between PCOM and VCCO, and amplifier sequence 615
may include a capacitor 730 connected between NCOM and
ground. 'l‘l'lesc capacitors can he sired to minimize noise
FIGS. 8A and 811 schematically depict a programmable
biasvvoltage generator 800 in accordance with an embudii
ment of the invention. A key 502 in the bottom right-hand
corner or FlGi BA shows the relative arrangement of FIGS
8A and SH.

The portion ol‘ generator 300 depicted in FIG. 8A maybe
divided into three general areas: biasienable circuitry 804.
N'BIAS pull-up circuitry 8116, and NBIAS pull-down cir-
cuitry 808. As their respective names imply, biascnablc
circuitry 804 determines whether bias generator 800 is
active, NBIAS pull-Lip circuitry 806 can be used to raise the
N'BIAS voltage level, and NBIAS pull-down circuitry 808
can be used to reduce the NBIAS voltage level. The NBIAS
pull-up and pull-down circuitry are programmable to allow
users to vary the NBIAS voltage as desired

Bias-enable circuitry 804 includes a configuration bit
(CBlT) 810. an inverter 812. a PMOS transistor 814. and. in
FIG. 813, a PMOS transistor 815 and a pair of NMOS
transistors 816 and 817. Clllll‘ 810 is conventional, in one
embodiment including an SRAM configuration memory cell
818 connected to a level-shifter 820. Level-shifter 820 is
used because bias generator Still is a portion of the output
circuitry of a PLD. and operates at higher voltage (cg, 3.3
volts) than the core circuitry (e.gi, L5 volts) oli the PLD:
level-shifter 820 increases the output voltage of SRAM cell
816 to an appropriate voltage level. Some embodiments that
employ lower core voltages use thickergale insulators in the
transistors of the HO circuitry. The gate insulators of differ-
ing thickness can be formed using a conventional dual-oxide
process. In one embodiment in which the circuits depicted in
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FIGS. MESH are part 01‘ the output circuitry Lila PLD, each
of the depicted devices employs relatively thick gate insu-
lators.

Generator sun is activated by programming SRAM cell
slit to include a logic one, thereby causing bias—enable
circuitry 804 to output a logic one on line BIAS. This logic
one connects high-supply-voltage line l17$UP to supply
voltage VCCO through transistor 814 and disconnects line
PBlAS from VCCO to enable line PBIAS to carry an
appropriate bias voltage The inverted signal IIIASJ' from
iuverter 812, a logic mm when active, disconnects lines
NBIAS and NGATE from ground. thereby allowing those
lines to carry respective bias voltages. The logic levels on
lines PBIAS and NBIAS are one and zero, respectively,
when SRAM cell 818 is set in logic yernr

NBIAS pull-up circuitry 806 has an input terminal VIIG
connected to a conventional hand-gap reference, or some
other suitable voltage reference. The voltage level and line
VBG turns on a PMOS transistor 822 that, in combination
with diode—connected transistors 824 and 826. produces bias
voltage levels on lines FIG/(I‘ll and NliIAS. yl‘fiflflll‘lal VIIG
also connects to a pair of transmission gates 828 and 830,
each consisting of NMOS and PMOS transistors connected
in parallel. The transmission gates are controlled by con-
figuration bits similar to (‘ISI’I‘ 810. For example, transmis-
sion gate 828 can be turned on by programming CIlt'l'7A to
contain a logic one. The logic one produces a logic one on
line A and, via an inverter 834, a logic zero on line Al.
Transmission gate 828 passes the reference voltage on line
VBG to the gate ot'a PMOS transistor 836, thereby reducing
the resistance between VCCO and line NHIAS;
consequently, the voltage level on line NBIAS rises. Tran-
sistor 838 can be turned on and both of transmission gate
828 and transistor 836 can he turned oil by programming
(fllt’l‘7A to contain a logic zeroi Transmission gate 830
operates in the same manner as transmission gate 828. but is
controlled by a ditfercnt CBIT (CBIT B) and an associated
inverter. One or both of transmission gates 528 and 830 can
be turned on to raise the voltage level on line NIEIAS.

NBIAS pull-down circuitry 808 includes a pair of pro-
grammable pull-down circuits 840 and 842 that can be
programmed independently or collectively to reduce the bias
voltage on tcrntinal NBIAS. Pullidown circuits 840 and 842
work the same way, so only circuit 840 is described.

Pull-down circuit 841] includes three transistors 844, S46,
and 848. The gates of transistors R44 and 846 connect to
terminals C and CI. respectively, from a configuration bit
CBIT C and an associated iuverter 849. When CBIT C is
programmed to contain a logic zero, transistors 844 and 348
are turned oft‘, isolating line NBIAS from ground; when
('l3l‘l'_C is programmed to contain a logic one, transistors844 and 848 are turned on and transistor S46 turned off. The
reduced resistance through transistor 848 reduces the volt-
age on line NIIIAS.

Any change in the bias voltage on line NBIAS results in
a change in voltage on line NGA’I'L". via a transistor 850. A
transistor 852 connected between line NBlAS and ground is
an optional capacitor that can be sized or eliminated asdesired

The portion of bias-voltage generator 800 depicted in
liIUi 8A adjusts the level of NBIAS; the portion depicted in
FIG. SB adjusts the level of PBIAS. Referring now to FIG.
8B, the portion of FIG. 813 includes PBIAS pulliup circuitry
852 and PBIAS pull—down circuitry 854. PBIAS pull-up
circuitry 852. operates in the same manner as NBIAS pull-up
circuitry 806 oliI-‘IU. 8A to raise the level of the bias Voltage
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on line PBIAS. A pair of configuration bits ClilTila' and
CBIT_F and associated inverters control circuitry 852. A
capacitor 856 can be sized or eliminated as necessary.

PBIAS pull-down circuitry 854 includes a pair of pro-
grammable pull—down circuits 858 and 860 that can be
programmed independently or collectively to reduce the bias
voltage on terminal [’BIAS. Pullidown circuits 858 and 860
work the same way, so only circuit 858 is described.

Pull-down circuit 858 includes a transmission gate 862
and a pair of transistors 864 and 866. With (flil’l'_(i
programmer] to contain a logic zero, transmission gate 862
is oil, transistor 866 on, and transistor 864 off; with
(TBI'I‘_G programmed to contain a logic one, transistor $66
is oil, and transmission gate 862 passes the bias voltage
NGATE to the gate of transistor 864, thereby turning tran-
sistor 364 on. This reduces the voltage level on line PBIAS,

The present invention can he adopted to supply comple-
mentary [NBS signals to more than one [MUS receiver. For
details ofone such implementation, see "Multi—Drop LVDS
with VirtcxiE FPGAs," XAPP231 (Version 1.0) by Jon
Brunetti and Brian Von Ilerzen Sep. 23, 1999, which is
incorporated herein hy reference.

While the present invention has been described in con-
nection with spectfic embodiments, variations of these
embodiments will be obvious to those ofurdinary skill in the
art. For example, while described in the context of SRAM- ’
based liPGAS, the invention can also be applied to other
types of PLDs that employ alternate programming
technologies and some embodiments can he used in non-
programmable circuits. Moreover, the present invention can
be adapted to convert typical dual-voltage logic signals to
other types of differential signals, such as those specified in
the Low-Voltage. Pseudo—Emittcr-Couplcd Logic
(LVPEC‘L) standard. Therefore, the spirit and scope of the
appended claims should not be limited to the foregoing
description.What is Claimed is:

l. A differential amplifier comprising:
a. a first differential-amplifier stage having:

i. first and second differential input terminals adapted to
receive a differential input signal; and

ii. first and second differential output terminals;
b. a second cliffcrentialvamplifier stage having:

is third and fourth differential input terminals adapted to
receive the differential input signal;

ii. third and fourth differential output terminals con-
nected to the first and second dilferential output
terminals; and

iii. an amplifiericnable terminal; and
c. a programmable memory cell capable of maintaining a

programmed state and a depmgrammed state, the
memory cell having a memory-cell output terminal
connected to the amplifierienable terminal:

d. wherein the second differential amplifier stage amplii
fies the input signal when the memory cell is in the
programmed state and does not amplify the input signal
when the memory cell is in the deprogrammed state.

2. The ditl'crentiztl amplifier of claim 1. wherein the
memory cell stores a voltage representative of a logic one
when in the programmed state.

3. The differential amplifier ol'clalm I, further comprising
a predriver having;

a. a data input terminal adapted to receive an input data
signal; and

h. first and second complementary output terminals con-
nected to respective ones of the first and second dif-
ferential input terminals
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4. The differential amplifier of claim 3, wherein the

predrivcr further comprises:
a. a first triistate l)u Efcr having a first triistatc input

terminal connected to the data input terminal;
h. a second tri-state buffer having a second tri-state input

terminal connected to the data input terminal;
e. an inverter having an inverter input terminal connected

to the data input terminal and an inverter output ter7
minal connected to the first complementary output
terminal; and

d. a non~inverting delay stage having a delayastage input
terminal connected to the data input terminal and a
delay-stage output tem1inal connected to the second
complementary output terminal.

5. The differential amplifier of claim 4, wherein the
inverter exhibits a first signal propagation delay and thc
non-inverting delay stage exhibits a seoorid signal propaga-
tion delay substantially equal to the first signal propagation
delay.

6‘ The differential amplifier of claim 1, further comprising
a programmable termination load connected between the
first and second differential output terminals.

7. The differential amplifier of claim 6. wherein thetermination lead includes a terminationiload enable terminal
connected to the memory-cell output terminal.

8. The difl'crential amplifier of claim 6, further comprisinga second termination load connected between the first and
second differential output terminals.

9. The differential amplifier of claim 8, wherein the
second termination load is programmable.

10. Art amplifier comprising:
a. first and second differential input terminals adaptcd to

receive first and second complementary input signals;
[1. a first high-side differential amplifier having:

i. a first high-side dillerential amplifier input terminal
connected to the first differential input terminal;

ii. a second high-side ditl'ercntial amplifier input ter-
minal connected to the second differential input
terminal; and

iii. a first highisidc difl‘ercntialiamplifier output termi7
nal;

c. a first low-side dilTerential amplifier having a first
low-side diflerential amplifier input terminal connected
to the first diIIErential input terminal and a second
lowiside differential amplifier input terminal connected
to the second differential input terminal;

(1. a delay clement having:
i. a first delay-element input terminal connected to the

first differential input terminal and a first delay-
element output terminal, the delay element adapted
to provide a delayed version of the first complemcni
tary input signal on the first delay-element output
terminal; and

ii, a second delay-element input terminal connected to
the second dilfercntial input terminal and a second
delay-element output terminal. the delay element
adapted to provide a delayed version of the second
complementary input signal on the second delay-
element output terminal;

0. a second highiside difierential amplifier having:
1. a third highiside differential amplifier input terminal

connected to the first delay-element output terminal;
ii. a fourth high-side differential amplifier input termi-

nal connected to the second delayielcmcm output
terminal: and

iii. a second high-side (inferential-amplifier output ter-
minal connected to the first high-side dill‘erential-
amplifier output terminal; and
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f. a second low-side differential amplifier having:
i, a third low-side dilferential amplifier input terminal

connected to the first delayeelcmcnt output terminal;
ii. a fourth low-side differential amplifier input terminal

connected to the second delay—element output termi-
nal; and

iii. a second loweside difl’erentialvampiilier output tenminal connected to the first low-side difierential-
amplifier output terminal.

Ill The amplifier of claim 10, further comprising a
termination load connected between the first high-side and
first low-side diJIerential-amplifier output terminals.

12. The amplifier of claim 11, further comprising a
programmable memory cell capable of maintaining a pro-
grammed state and a deprograrnmed state, the memory cell
having a memoryeecll output terminal connected to the
termination load.

13. The amplifierofclaim 11], further comprising a second
delay element having:

a. a third delay-element input terminal connected to the
first delay-element output terminal of the first-
mentioned delay element;

b. a fourth delayaelement input terminal connected to the
second delay-element output terminal of the first-
mentioned delay element;

e. a third delay-element output terminal; and
d. a fourth delay-element output terminal.
14. The amplifier of claim 13, further comprising a third

low-side differential amplifier and a third high-side differ-
ential amplifier, each having a pair of input terminals con,
nected to respective ones of the third and forth delay-
elemenl output terminals.

15. The amplifier of claim 14. wherein the third low—side
differential amplifier includes a third loweside differential
amplifier output terminal connected to the first low-side
difi‘erential-amplifier output terminal, and wherein the third
high-side differential amplifier includes a third high-side
difi'ercntialvamplifier output terminal oonnc ed to the first
high-side ditferential-amplit'ter output terminal.

16. The amplifier ot'claim 10, wherein the first high-side
difl'erentia] amplifier comprises:

a. an input transistor having a control terminal Connected
to the first high»side dill‘erential-amplifier input
terminal, a first input-transistor current-handling termi-
nal connected to the first highesidc difi'erentiale
amplifier output terminal, and a second input-transistor
current-handling terminal; and

h. a load transistor having a control terminal connected to
a bias voltage, a first load-transistor current-handling
terminal connected to a power terminal, and a second
load-transistor current-handling terminal connected to
the second input—transistor current-handling terminal.

l'i‘t The amplifier of claim 16, further comprising a
programmable bias generator adapted to provide the bias
voltage on a bias-generator output terminal connected to the
control ten'ninal of the load transistor.
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18. The amplifier of claim 16, wherein the first high-side

dili'crential amplifier further compr' ‘5:
a. a second input transistor having a second control

terminal connected to the second high-side dill‘erentjal-
amplifier input terminal, a first input—transistor current-
handling terminal connected to the first highAside
difl‘crentialeamplifier output terminal, and a second
input-transistor current-handling terminal; and

b. a second load transistor having a control terminal
connected to a second bias voltage, a first load-
transistor currentehandting terminal connected to a sec,
ond power terminal, and a second load-transistor
current-handling terminal connected to the second
input-transistor current-handling terminal

19. The amplifier of claim 18, further comprising a
programmable bias generator adapted to provide the first,
mentioned bias voltage on a first bias-generator output
terminal and the second bias voltage on a second bias-
generator output terminal.

20. A programmable logic device comprising:
a, a prcdriver having:

i. a data input terminal adapted to receive an input data
signal; and

ii. complementary first and second predriver output
terminals;

b, first and second inputr'output pins adapted to convey
signals from the programmable logic device;

ci a first programmable output block including a first
differential amplifier, the llrSt differential amplifier hav-
ing a first ditfercntialeampiifier input terminal con,
nected to the first predrivcr output terminal, a second
differential-amplifier input terminal connected to the
second predriver output terminal, and a first
differential-amplifier output terminal connected to the
first input/output pin: and

d. a second programmable output block including a sec,
ond difierential amplifier, the second differential ampli-
fier having a third differential-amplifier input len'ninal
connected to the first predriver output terminal and a
fourthdifl’erentialeamplificr input terminal connected to
the second predrivcr otttput terminal, and a second
differential-amplifier output terminal connected to the
second input/output pin.

21. The programmable logic device of claim 20, wherein
the first pin is adjacent the second pin.

22. The programmable logic device of claim 20. further
comprising:

a. an enable terminal connected to at least one of the
predriver and the first and second programmable output
blocks; and

b. a programmable memory cell connected to the enable
terminal.

23. The programmable logic device ol‘ claim 20, further
comprising a termination load connected between the first
and second inputtoutput pins.
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