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67 ABSTRACT

An advanced input/output interface is provided for an inte-
grated circuit memory having a memory storage array
accessible by signals formatted in a two-level protocol. The
advanced input/output interface includes a bit compression
circuit for receiving a first plurality of signals formatted in
the two-level protocol and generated within the integrated
circuit memory. The bit compression circuit converts the
first plurality of two-level protocol signals into a first signal
formatted in a multi-level protocol. A bit decompression
circuit receives a second signal formatted in the multi-level
protocol. The bit decompression circuit converts the second
multi-level protocol signal into a second plurality of signals
formatted in the two-level protocol. In one embodiment, the
advanced input/output interface allows for high speed/
bandwidth memory accesses while reducing the pin count
and operating frequency required for operation.
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Dk(1) | Dk©) | Droo |Dxor |Dk1o |Dki1 |  Dxoo=Dk(1).Dk)
ol o | 1| 0| 0o} 0| Dror=DkDko
o | 1o | 1| 01| o| Dko=DxnDko
1 0 0 0 1 0 Dk11=Dk(1).Dk(0)
1 1 0 0 0 1 (K=12,....m)

FIG. 3
Reference Voltages Signal Voltages
A A
' M 'l M
‘ V11= VREF1 + 5aV
av
VREF3=VREF1 + 4dV
av
'y Vio=VReF1 + 3aV
av
1 VREF2=VREF1 +2dV
av
1 Vo1=VRer1 + oV
av
! VREF1=dV0
avo
' Voo=ovoLr
FIG. 4
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Truth Table for a 2-to-1 DDC

Di1x | Diax | Drax | Dkx0) | Dkx(1)

0 0 0 0 0 Dix(1)=DL1xDr2x
1 0 0 1 0 Dix(0)=DL1xDL2x.DL3x+
Dt 1x.Di2x.DL3x

(x=L,H)
(k=1,2,...,m)

FIG. 9
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ADVANCED INPUT/OUTPUT INTERFACE
FOR AN INTEGRATED CIRCUIT DEVICE
USING TWO-LEVEL TO MULTI-LEVEL
SIGNAL CONVERSION

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to the field of
semiconductor integrated circuits, and more particularly, to
an advanced input/output interface for integrated circuit
device.

BACKGROUND OF THE INVENTION

Integrated circuit (IC) memory devices store large
amounts of data in relatively small physical packages.
Exemplary IC memory devices include dynamic random
access memory (DRAM), static random access memory
(SRAM), non-volatile random access memory (NVRAM),
and read only memory (ROM), such as erasable program-
mable ROM (EPROM), electrically erasable programmable
ROM (EEPROM), and flash memory.

Typically, an IC memory device comprises a plurality of
cells into and from which data can be transferred for storage
and retrieval. During such transfers, various signals are used
to convey data and to control and coordinate the storage/
retrieval of the same. These transfers can be made using
industry-wide standard protocols, such as the PC100 bus
standard initiated by Intel Corp. to support next generation
PC systems.

Various input/output (I/O) interfaces have been previ-
ously developed to enable such transfers of data to and from
the cells of an IC memory device. The following is a listing
of various IC memory devices which incorporate previously
developed I/O interfaces:

1. Fast Page Mode (FPM) DRAM is a single bank
architecture which supports bursts of data (FPM
access) from a memory storage array with transistor-
to-transistor logic (TTL) interface technology. Param-
eters for this interface are as follows: V,,=0.8V, V=
2.4V; V=08V, V,,=2.4V. The I/O interface is
asynchronous.

2. Extended Data Out (EDO) DRAM extends single bank
FPM architecture by adding a data validation window
for faster timing with TTL or low-voltage TTL
(LVTTL) interface technology. Parameters for LVTTL
I/O interface are as follows: V,=0.8V, V=20V,
V=08V, V,,=2.0V. This interface is asynchronous.

3. Synchronous DRAM (SDRAM) is a multi-bank archi-
tecture with an added free-running clock for simplified
circuit design using TTL or LVTTL interface technol-
ogy. This architecture allows bank interleaving to mini-
mize row-address strobe (RAS) access time latency.
The I/O interface of SDRAM is synchronous.

4. Double Data Rate (DDR) SDRAM is an extension of
SDRAM. In DDR SDRAM, data is transferred on both
edges of a clock. A read strobe is provided for increased
reliability. Control and address signaling is performed
with LVTTL interface technology. Clock, data, and
mask signaling is performed with stub series terminated
logic (SSTL) interface technology. The parameters for
SSTL technology are as follows: V,,=3 +/-0.3V,
Vepr=13V to 1.7V; V=V, .—02V, V=V .+
0.2V; V5 =V,~08V, V.=V, +0.8V, V, =V +/-
0.05V. The maximum data rate is 250 Mbps/pin.

5. Direct Rambus™ DRAM (Direct RDRAM™) is simi-
lar to SDRAM, but replaces that architecture’s I/O
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interface with a Rambus proprietary I/O interface tech-
nology. Direct RDRAM uses multiplexed row and
column buses, and adds pipelined, packet-oriented
transfer protocol I/O with Rambus Signaling Level
(RSL) technology. The parameters for RSL technology
are as follows: V,,=2.5V+/-5%; Vgpp=1.44/-0.07V,
Vu=Vrer0.5V; V=V 405V, V,,=1.0V; V=
1.8V. The data rate is approximately 600-800 Mbps/
pin.

6. SyncLink™ DRAM (SLDRAM) utilizes pipelined,
packet-oriented transfer protocol I/O with timing cali-
bration (SyncLink proprietary) for increased DRAM
bandwidth. The parameters for SLDRAM I/O (SLIO)
interface technology as a follows: V,,=2.5V+/-5%;
Vrer=0.5 Vpp+/-0.05V; V=V :~02V, V=V ot
0.2V, V,,=09V; V,,=1.6V. The data rate is 400
Mbps/pin.

Each of the previously developed I/O interfaces listed
above utilizes only two voltage levels for the information
signals by which data is transferred to and from a memory
device. Thus, with previous techniques, the only way to
increase the transfer bandwidth of information (e.g., data or
control) is to increase the speed or frequency at which a
respective information signal is input or output. Because
high frequency operation requires very dedicated small-
signal handling and careful impedance match, the opera-
tional capability of previously developed I/O interfaces is
limited.

As processors, controllers, and other devices which oper-
ate with IC memory are continuously improved, however,
the rate at which data is desired increases. For example,
central processing units (CPUS) operating at over 300 MHz
and media processors executing more than two Giga Opera-
tions (GOPs) are now in production. Such processing
devices require more than 500 Mbytes/s memory bandwidth.
With the PC100 bus standard and state-of-the-art dynamic
random access memory (DRAM) technology, DRAMs oper-
ating at 100 MHz are barely able to fulfill this bandwidth
requirement. Furthermore, the projected memory bandwidth
requirement for multimedia three-dimensional graphics
applications exceeds 1 Gbytes/s. This transfer rate is well
above what such IC memory devices can offer.

Furthermore, previously developed I/O interfaces require
a separate pin connection for each signal used to transfer, or
control the transfer of, information to and from an IC
memory device. For example, each address signal, control
signal, data signal, and the like, must be supported by its
own pin connection in previously developed I/O interfaces.
As the capacity and complexity of IC memory devices
increases, the pin connections required to support signaling
can become quite extensive. Numerous pin connections give
rise to substantial electro-magnetic interference (EMI) on a
PC board. Furthermore, a device with a large pin-count
typically has a larger chip area and consumes more power.

SUMMARY OF THE INVENTION

The disadvantages and problems associated with previ-
ously developed interfaces for an integrated circuit memory
have been substantially reduced or eliminated using the
present invention.

According to the present invention, a small-voltage-
swing, compression/decompression I/O interface can be
incorporated on an IC memory device to achieve relatively
high data bandwidth at a fraction of the clock frequency
required by previously developed interface techniques. The
I/O interface may include at least one bit compression circuit
(BCC) and at least one bit decompression circuit (BDC) to

IPR2024-001429
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compress and decompress data/address/control signal infor-
mation at the input/output pins of the memory device. With
the BCC and BDC, data and control information can be
transferred to and received from a memory storage array of
the memory device through a small-voltage swing, memory
bus protocol. Such protocol is a multi-level protocol which
uses more than two voltage levels for signaling, wherein
each voltage level represents a predetermined set of values
for at least two bits of information. A similar I/O interface
may be incorporated into a control device for communica-
tion with the memory device. This allows information to be
moved several times faster across a standard memory bus
than with previously developed interfaces.

In accordance with one embodiment of the present
invention, an advanced input/output interface is provided for
an integrated circuit memory having a memory storage array
accessible by signals formatted in a two-level protocol. The
advanced input/output interface includes a bit compression
circuit for receiving a first plurality of signals formatted in
the two-level protocol and generated within the integrated
circuit memory. The bit compression circuit converts the
first plurality of two-level protocol signals into a first signal
formatted in a multi-level protocol. The first multi-level
protocol signal is communicated out of the integrated circuit
memory. A bit decompression circuit receives a second
signal formatted in the multi-level protocol. The bit decom-
pression circuit converts the second multi-level protocol
signal into a second plurality of signals formatted in the
two-level protocol. The second plurality of two-level pro-
tocol signals are utilized within the integrated circuit
memory. A similar I/O interface can be provided on a control
device for communication with the integrated circuit
memory.

In accordance with another embodiment of the present
invention, a method is provided for interfacing with an
integrated circuit memory having a memory storage array
accessible by signals formatted in a two-level protocol. This
method includes the following steps: converting a first
plurality of signals formatted in the two-level protocol and
generated within the integrated circuit memory into a first
signal formatted in a multi-level protocol; communicating
the first multi-level protocol signal out of the integrated
circuit memory; receiving from outside the integrated circuit
memory a second signal formatted in the multi-level proto-
col; and converting the second multi-level protocol signal
into a second plurality of signals formatted in the two-level
protocol, the second plurality of two-level protocol signals
utilized within the integrated circuit memory.

An important technical advantage of the present invention
includes allowing high-speed access to the memory cells of
an integrated circuit (IC) memory device, such as DRAM,
SRAM, NVRAM, and ROM. Another technical advantage
of the present invention includes the ability to move infor-
mation several times faster across a proprietary or industry-
standard memory bus than with previously developed tech-
niques. Yet another technical advantage of the present
invention includes reducing the number of pins and the
clock frequency which would otherwise be required to
transfer information to and from an IC memory device. This
minimizes the package pin-count, and hence, the EMI on a
PC board, for high-bandwidth memory applications. Small
pin-count and low operating frequency are extremely desir-
able for computer system applications where portability and
power-consumption are primary concerns. Other important
technical advantages of the present invention are readily
apparent to one skilled in the art from the following figures,
descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and for further features and advantages, reference is
now made to the following description, taken in conjunction
with the accompanying drawings, in which:

FIG. 1 illustrates an exemplary architecture comprising an
integrated circuit memory device and a control device, both
of which utilize an advanced input/output (I/O) interface, in
accordance with an embodiment of the present invention;

FIG. 2 is a schematic diagram of an exemplary embodi-
ment for the bit compression circuit shown in FIG. 1;

FIG. 3 illustrates an exemplary truth table for the opera-
tion of the bit compression circuit;

FIG. 4 illustrates a number of reference and signal volt-
ages which can be used within the advanced input/output
(I1/0) interface;

FIG. 5 is a block diagram of an exemplary embodiment
for the bit decompression circuit shown in FIG. 1;

FIG. 6 is a schematic diagram of an exemplary embodi-
ment for a timing generator circuit for the bit decompression
circuit shown in FIG. 1;

FIG. 7 is a schematic diagram of an exemplary embodi-
ment for the sample and hold comparator shown in FIG. 5;

FIG. 8 is a schematic diagram of an exemplary embodi-
ment for the decompression decoder circuit shown in FIG.
5;

FIG. 9 illustrates an exemplary truth table for the opera-
tion of the decompression decoder circuit; and

FIGS. 10A and 10B are exemplary timing diagrams for a
memory device having an advanced I/O interface, in accor-
dance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention and
their advantages are best understood by referring to FIGS. 1
through 10B of the drawings. In these drawings, like numer-
als are used for like and corresponding parts.

FIG. 1 illustrates an exemplary architecture 10 compris-
ing a memory device 12 and a control device 14, in
accordance with an embodiment of the present invention. In
general, memory device 12 can be any suitable integrated
circuit (IC) memory device including dynamic random
access memory (DRAM), static random access memory
(SRAM), non-volatile random access memory (NVRAM),
and read only memory (ROM), such as erasable program-
mable ROM (EPROM), electrically erasable programmable
ROM (EEPROM), and flash memory, or any other suitable
memory.

Memory device 12 includes a memory storage array 16.
Memory storage array 16 comprises a plurality of memory
cells (not shown), each of which functions to maintain data.
In particular, separate bits of data may be written into,
stored, and read out of each of these memory cells. The
memory cells may be fabricated in any suitable technology,
such as metal-oxide semiconductor (MOS) technology,
according to techniques well-known and understood by
those skilled in the art of IC memory. Further, these memory
cells can be organized in any suitable structure, such as, for
example, a matrix of rows and columns. A typical architec-
ture connects all cells in a row to a common row line, often
referred to as a “word line,” and all cells in a column to a
common column line, often referred to as a “bit line.” Any
suitable addressing scheme, such as row-column (i.e., X-Y
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coordinate) addressing or content-addressing, can be used to
access the memory cells within storage array 16. Memory
storage array 16 can be separated or divided into a plurality
of memory blocks, wherein each block comprises one or
more memory cells.

Timing generator and data path circuitry 18 is coupled to
memory storage array 16. As used herein, the terms
“coupled,” “connected,” or any variant thereof, means any
coupling or connection, either direct or indirect, between
two or more elements. Timing generator and data path
circuitry 18 comprises one or more circuits which support
the storage, maintenance, and/or access of information in
memory storage array 16. For example, this circuitry may
include a number of row address buffers, column address
buffers, row decoders, column decoders, sense amplifiers,
and the like for accessing the various memory cells in
memory storage array 16. Furthermore, timing generator and
data path circuitry 18 may include various clock generators,
such as an output enable (OE) clock generator and a write
enable (WE) clock generator, for enabling the reading and
writing of data out of and into memory storage array 16.

Timing generator and data path circuitry 18 generates
and/or routes numerous information signals which convey,
or control or coordinate the conveyance of, data to and from
memory storage array 16. These information signals include
data signals for conveying data, addressing signals for
identifying specific memory cells into and from which data
is to be written or read, and control signals for coordinating
or controlling the access, reading, and/or writing of the data.
These information signals may be formatted in a two-level
protocol which, at a given moment in time, only allows a
single bit of information to be conveyed within a particular
signal. That is, in the two-level protocol, a first voltage level
represents a “1” or “high” value for a bit of information, and
a second voltage level represents a “0” or “low” value for the
bit of information.

An advanced input/output (I/O) interface 20 is coupled to
timing generator and data path circuitry 18. Advanced I/O
interface 20 provides high-speed access to memory storage
array 16. In particular, advanced I/O interface 20 utilizes a
multi-level, small-voltage-swing, interface protocol
(described herein in more detail) to achieve very high data
bandwidth at a fraction of the clock frequency required by
previously developed techniques. This protocol can be com-
municated over an m-bit width, bi-directional memory bus
22, which can be an industry-standard memory bus (e.g., a
PC100 bus) or a proprietary memory bus.

In general, advanced I/O interface 20 includes various
circuitry for compressing and decompressing signal infor-
mation (e.g., for data, address, control, and the like) at the
input and output connection pins (not shown) for IC memory
device 12. In a preferred embodiment, advanced I/O inter-
face 20 includes at least one bit compression circuit (BCC)
24, at least one bit decompression circuit (BDC) 26, and at
least one voltage gain control (VGC) circuit 28, which are
generally connected to timing generator and data path cir-
cuitry 18 by at least one data bus 30. As shown in FIG. 1,
m number of each of BCC 24, BDC 26, VGC circuit 28, and
bus 30 are provided.

Each data bus 30 is bi-directional and has a bus-width of
n. Accordingly, each bus 30 supports n signals to and from
advanced I/O interface 20 and timing generator and data
path circuitry 18. The value for n can be any suitable value
which is consistent with the function and operation of an IC
memory device, as described herein. Each of the n signals
may convey data or control information. These signals are
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formatted in the two-level protocol described above,
wherein information is encoded at only two levels—either a
binary “1” or a binary “0.” Thus, at a given moment, the
waveform of each digital signal conveys only a single bit of
information. Collectively, data buses 30 form an m*n-bit
wide data bus.

A separate BCC 24 and BDC 26 is provided for each bus
30. Each BCC 24 receives the data and control signals from
its respective bus 30. Generally, each BCC 24 functions to
convert the n signals carried by the respective bus 30 into a
single, multiplexed signal, which is then output on a respec-
tive bi-directional line 32. This is accomplished by com-
pressing the two-level protocol signals, each conveying one
bit of information at a given time, into a single, multiplexed
signal formatted in a multi-level protocol. Such multi-level
protocol conveys multiple bits of information at a given time
by encoding information at more than two voltage levels.
That is, the multi-level protocol uses three or more voltage
levels for signaling, with each voltage level representing a
predetermined set of values for at least two bits of informa-
tion.

Each BCC 24 has a compression rate of n-to-l—i.e.,
compressing n two-level protocol signals from timing gen-
erator and data path circuitry 18 into a single, multi-level
protocol signal. For this compression, the number of distinct
signal levels needed in the multi-level protocol signal is 2".
For example, if two two-level protocol signals are fed into
a BCC 24 (ie., n=2), four (i.e., 2%) distinct signal levels
should be available in the multi-level protocol signal. Since
data and other information is compressed at a rate of n-to-1,
advanced I/O interface 20 can transfer n times more data
over a single line than previously developed interfaces
operating at the same clock frequency. This reduces the
amount of power consumed by memory device 12 during
operation.

The multi-level protocol signal output by each BCC 24
can be a synchronous signal which is output at a double data
rate (DDR)—i.e., clocked on both the rising and falling
edges of a clock signal. In one embodiment, each BCC 24
will compress multi-bit information in one clock cycle on a
per-pin basis.

Although FIG. 1 illustrates an embodiment in which all
BCCs 24 have the same compression rate of n-to-1, it should
be understood that in other embodiments, the BCCs 24 of an
advanced I/O interface 20 can have different compression
rates as appropriate or suitable for the operation of the IC
memory device into which it is incorporated.

Each BDC 26 corresponds to a particular BCC 24 and is
connected between the same bus 30 and line 32.
Furthermore, each BDC 26 may receive a timing or clock
signal from a phase locked loop (PLL) clock generator 31
(described below). Each BDC 26 functions to convert a
multi-level protocol signal received over the respective line
32 into n two-level protocol signals, which are then output
on the respective bus 30. More specifically, the received
multi-level protocol signal can have any one of 2" distinct
signal levels representing a multiplex of n two-level protocol
signals conveying input data, address, and control informa-
tion from, for example, a host computer. BDC 26 decom-
presses the single, multiplexed signal at a 1-to-n decom-
pression rate.

Since the computer information is transferred in a com-
pressed format, the number of the connection pins and clock
frequency can be reduced by a factor of n. This minimizes
the package pin count for IC memory device 12. Asmall pin
count and low operating frequency are extremely desirable
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for system applications where portability and power-
consumption are primary concerns. Furthermore, the small
pin count and low operating frequency substantially reduce
problems related to electromagnetic interference (EMI) on a
PC board for high bandwidth memory applications.

Aseparate VGC circuit 28 is coupled to each set of related
BCCs 24 and BDCs 26. Each VGC circuit 28 operates on the
multi-level protocol signals output by the respective BCC 24
and received by the respective BDC 26. Generally, each
VGC circuit 28 provides gain for these multi-level protocol
signals and also makes compensatory changes in gain based
upon variations in the size of the signals. For a multi-level
protocol signal output by the respective BCC 24, each VGC
circuit 28 outputs a controlled signal which is placed on bus
22 connecting to control device 14. Each multi-level proto-
col signal input into a BDC 26 is generated by a respective
VGC circuit 28 in response to a signal received over bus 22.

Each combination of BCC 24, BDC 26, and VGC circuit
28 may be associated with a particular portion of memory
storage array 16 and timing generator and data path circuitry
18 for supporting signals specific to that portion. For
example, memory storage array 16 can be divided into a
plurality of blocks, each comprising an equal portion of the
memory cells. A particular BCC/BDC/VGC circuit combi-
nation may operate upon all data signals for conveying data,
addressing signals for identifying specific memory cells into
and from which data is to be written or read, and control
signals for coordinating or controlling the access, reading,
and/or writing of the data for one of the memory blocks.

PLL clock generator 31 is coupled to timing generator and
data path circuitry 18. PLL clock generator 31 receives a
system clock signal as its input and generates a clock (CLK)
signal for timing throughout advanced I/O interface 20. As
described below, a number of other timing signals can be
generated from the CLK signal output by PLL clock gen-
erator 31.

Control device 14 is connected to memory device 12 by
memory bus 22. Control device 14 transfers data and. other
information to and from memory device 12 for control,
addressing, processing, and other operations. Control device
14 can be an IC device, such as an application specific
integrated circuit (ASIC), which can be incorporated into a
host computer.

Control device 14 includes an advanced I/O interface 34,
which is substantially similar to advanced I/O interface 20 of
memory device 12. In particular, advanced I/O interface 34
of control device 14 includes at least one BCC 36, at least
one bit BDC 38, at least one VGC circuit 40, at least one
n-bit bus 42, at least one line 44, and a PLL clock generator
45 which can be substantially similar to BCC 24, BDC 26,
VGC circuit 28, n-bit bus 30, line 32, and PLL clock
generator 31, respectively. As shown in FIG. 1, m number of
each of BCC 36, BDC 38, VGC circuit 40, and bus 42 are
provided in advanced I/O interface 34 of control device 14.

A memory controller 46 is connected to advanced I/O
interface 34. Memory controller 46 comprises circuitry, such
as a microcontroller or a microprocessor, which can perform
various operations upon, or in response to, data and other
information. At least some of this information can be
retrieved from or stored into the memory cells of memory
device 12. Memory controller 46 can generate or receive a
number of two-level protocol signals for conveying such
information. Thus, for each of these information signals,
only a single bit of information is conveyed within the signal
at a given moment in time, wherein one voltage level
represents a “1” or “high” value for the bit and another
voltage level represents a “0” or “low” value for such bit.
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In exemplary operation, advanced I/O interfaces 20 and
34 transfer computer information (e.g., data, address, and
control information) between memory device 12 and control
device 14. In particular, advanced I/O interfaces 20 and 34
serve to compress a plurality of two-level protocol signals
into a single, respective multi-level protocol signal. The
multi-level protocol uses more than two voltage levels for
signaling, wherein each voltage level represents a predeter-
mined set of values for at least two bits of information. This
allows data to be moved between memory device 12 and
control device 14 (across memory bus 22) several times
faster than possible with previously developed interfaces. A
multi-level protocol signal received from memory bus 22 at
advanced I/O interface 20 or 34 is decompressed into a
plurality of respective two-level protocol signals for use at
memory device 12 or control device 14, respectively.

FIG. 2 is a schematic diagram of an exemplary embodi-
ment for a bit compression circuit (BCC) 24, such as that
shown in FIG. 1. As previously described, BCC 24 generally
functions to convert a plurality (i.e., n) of two-level protocol
signals received over a respective bus 30 into a single,
multi-level protocol signal which is output on a respective
line 32. In FIG. 2, Dyy—Dy,,_1y are the two-level protocol
signals on bus 30. As shown, bus 30 supports two signals,
Dy and Dyqy. Dy is the multi-level protocol signal on a
respective line 32.

BCC 24 comprises a plurality of signal level generating
circuits 48, each of which is coupled to bus 30, line 32, and
a signal voltage generator 50. Generally, each signal level
generating circuit 48, cooperating with signal voltage gen-
erator 50, functions to generate a different voltage level for
the multi-level protocol in which signals output by BCC 24
are formatted. Thus, the number of signal level generating
circuits 48 provided within BCC 24 corresponds to the
number of distinct signal levels desired. As previously
described, if n is the width of bus 30, and hence, the number
of two-level protocol signals compressed by BCC 24, the
number of distinct signal levels desired is 2".

Each signal level generating circuit 48 comprises an AND
gate 52 having a separate input for each two-level protocol
signal on bus 30. In some of signal level generating circuits
48, at least a portion of the two-level protocol signals may
be inverted prior to input into the respective AND gate 52.
Each signal level generating circuit 48 has a distinct arrange-
ment for inverting the two-level protocol signals on bus 30
so that only one AND gate 52 outputs a “1” or “high” value
for a given set of values in these signals (e.g., Dy, and
Dy1y)- For example, with regard to the specific embodiment
shown in FIG. 2, one AND gate 52 outputs a high value
when the values of both Dy and Dy, are low; another
AND gate 52 outputs a high value when D, is low and
D,y is high; yet another AND gate 52 outputs a high value
when Dy, is high and D, is low; and the remaining AND
gate 52 outputs a high value when the values of both Dy,
and D,y are high. The outputs of these AND gates 52 are

100> Dxo1> Dr1o» and Dy, respectively. A truth table
reflecting the operation of this portion of BCC 24 is shown
in FIG. 3.

Referring again to FIG. 2, a separate n-type transistor 54
is connected at its gate to the output of each AND gate 52.
The sources of these transistors 54 are connected to line 32.
The drain of each transistor 54 is connected to signal voltage
generator 50. Signal voltage generator 50 generates a num-
ber of different signal voltages, with a separate signal
voltage for each distinct signal level in the multi-level
protocol signal output by BCC 24. For example, if the
maximum output voltage swing for BCC 24 is 1.5V, then
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one signal voltage can have value of OV or ground, another
signal voltage can have a value of 0.5V, yet another signal
voltage can have a value of 1.0V, and the remaining signal
voltage can have a value of 1.5V. These signal voltages are
labeled Vg4, Vo1, Vi, and V4, respectively. An exemplary
relationship between these signal voltages V,,—V; is shown
in FIG. 4. With further reference to FIG. 2, each transistor
54 acts as a switch to place the respective signal voltage
value on line 32.

In operation, the two-level protocol signals on bus 30 are
input into AND gate 52 of each signal level generating
circuit 48. Because of the distinct arrangement for inverting
signals prior to input into AND gates 52, only one of AND
gates 52 outputs a high value in response to a particular set
of values for the two-level protocol signals. This high value
turns on the respective transistor 54, thereby causing that
signal level generating circuit 48 to place a respective signal
voltage level on line 32 as the multiplexed data signal D,. A
respective VGC 28 performs gain control on signal D, to
output a signal B, on bus 22. The information in signal B,
can be clocked out of advanced I/O interface 20 at DDR (i.e.,
clocked on both the rising and falling edges of a clock
signal).

FIG. 5 is a block diagram of an exemplary embodiment
for the bit decompression circuit (BDC) 26 shown in FIG. 1.
BDC 26 functions to convert a single multiplexed signal
(D', formatted in a multi-level protocol and received over
line 32 into a plurality of respective two-level protocol
signals (D' 0y~D",.-1,) Which are then output on a respec-
tive bus 30. The multi-level protocol for signal D', uses a
number of levels of signal voltages, which can be the same
as the signal voltages (e.g., V,,—V,;) available as output in
a BCC 24. Each two-level protocol signal (e.g., D'z, and
D'41y) conveys one bit of information at a given time and
can have a value of “1” or “0”.

BDC 26 comprises a plurality of sample and hold com-
parators 56, each of which is coupled to line 32 to receive
multiplexed signal D';. In one embodiment, as shown, where
information in signal D', is clocked at DDR, sample and
hold comparators 56 may be divided into two groups: the
first group operating on a “high” clock signal, and the
second group operating on a “low” clock signal.
Alternatively, in another embodiment, if a DDR technique is
not utilized, only a single group of sample and hold com-
parators 56 may be provided.

Generally, each sample and hold comparator 56 functions
to sample the multi-level protocol signal D', and compare it
against a specific reference voltage which, as shown, can be
any of Vrgri, Vrgr, and Vg s, An exemplary relationship
between these reference voltages, and with signal voltages
Voo—Vi1, 1s shown in FIG. 4. In one embodiment, Vgzr1,
Vigros and Vpepo can have values of 0.25V, 0.75V, and
1.25V, respectively. Referring again to FIG. 5, depending
upon whether the sampled portion of the signal D', is higher
or lower than the respective reference voltage (Vggzi,
Vigerss OF Vgeps), each sample and hold comparator 56
latches and outputs either a “1” or a “0” for a corresponding
data latch signal Dy 17 Dyozrs Drsss Drars Doz, O Dysy.
Signals D, ., D, ., and D, 5, are output by the sample and
hold comparators 56 operating on a high clock signal, while
signals D, ,;, D;,;, or D; 5, are output by the sample and
hold comparators 56 operating on a low clock signal.

Each sample and hold comparator 56 receives as an input
a phase sense amplifier (¢SA) signal, an inverted phase
sense amplifier (pSAN) signal, and a “delayed” phase sense
amplifier (pSAd) signal which are used to time the sampling
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and latching functions. As shown, a separate phase sense
amplifier signal ($SA; or ¢SA,), inverted phase sense
amplifier ($SAN; or ¢SAN,) signal, and “delayed” phase
sense amplifier (§SAd; or $SAd,) signal are provided for
each group of sample and hold comparators 56. ¢SA,,
$SAN,, ¢SAd, clock the sample and hold comparators 56
operating on a high clock signal; $SA,, $SAN,, and $SAd,
clock the sample and hold comparators 56 operating on a
low clock signal. Each sample and hold comparator 56 may
also be coupled to Vcc and another voltage source Vpec,
which may have a value of one-half of Vdd.

A decompression decoder circuit 58, coupled to each of
sample and hold comparators 56, receives the data latch
signals D; 1z, Dy oz Dysgs Dr1zs Dyoz, and Dy 5. Decom-
pression decoder circuit 58 generally functions to decode or
otherwise process these data latch signals in order to assign
appropriate values (i.e., “0” or “1”) to the bits of information
conveyed with the two-level protocol signals (e.g., D'y and
D' 1y) output by BDC 26. Decompression decoder circuit 58
receives one or both of ¢$SAd; or $SAd, signals.

FIG. 6 is a schematic diagram of an exemplary embodi-
ment for a timing generator circuit 150 for the BDC circuit
26 shown in FIG. 1. Timing generator circuit 150 functions
to generate the various signals which are used for timing in
BDC circuit 26. In particular, timing generator circuit 150
operates on the CLK signal (FIG. 1) to produce signals
$SA,, $SAN,, ¢SAd,, $SA,, $SAN, or ¢SAd,. Of these
signals, §SA;, $SAN,, $SAJ, are preferably used for one set
of related circuits associated with a “high” clock signal, and
$SA,, pSAN, or ¢SAd, are preferably used for another set
of related circuits associated with a “low” clock signal.

As shown, timing generator circuit 150 includes a number
of inverters 152, 154, 156, 158, 160, and 162. Inverter 152
receives and inverts the CLK signal to generate the ¢SA,
signal. Inverters 154 and 160 cach receives and operates
upon the output of inverter 152 to generate the ¢SA; and
$SAN, signals, respectively. Inverter 156 is coupled to the
output of inverter 154 and generates the ¢SAN; signal.
Inverter 158 receives and operates upon the output of
inverter 156 to generate the ¢SAd,; signal. Inverter 162 is
coupled to the output of inverter 160 and generates the
$SAd, signal.

FIG. 7 is a schematic diagram of an exemplary embodi-
ment for the sample and hold comparator 56 shown in FIG.
5. Sample and hold comparator 56 generally includes a
sample circuit 62, a pre-charge circuit 64, and a hold circuit
66.

Sample circuit 62 generally functions to sample the signal
voltage level of D', and to compare the sampled voltage
against a particular reference voltage Vger; (€.2., Vreris
Vrerss OF Veers) . If the signal voltage level is higher than
the respective reference voltage, sample circuit 62 outputs a
“1” at a node A. Otherwise, if the signal voltage level of D',
is lower than the reference voltage, sample circuit 62 outputs
a “0” at node A.

As shown, sample circuit 62 includes an n-type transistor
68 which acts as a passgate for signal D',. When the
respective phase sense amplifier signal (¢SA; or ¢SA,) for
sample and hold comparator 56 is high, signal D', is passed
to a node B, where the signal’s voltage value is stored as a
latched voltage “V,,” into a capacitor 70. An n-type tran-
sistor 72 and a capacitor 74 operate in a similar manner to
pass and store the respective reference voltage as “Vz” at a
node C.

Ap-type transistor 78 receives the pSAN, signal at its gate
and is coupled to Vdd at its source. The drain of transistor
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78 is coupled to the sources of p-type transistors 80, 82, 84,
and 86. The drains of transistors 80 and 82 are coupled
together at a node D. The gate of transistor 80 is connected
to node B, and the gate of transistor 82 is connected to node
A. The drains of transistors 84 and 86 are connected together
at node A. The gate of transistor 84 is connected to node D,
and the gate of transistor 86 is connected to node C. The
drain and gate of an n-type transistor 88 are connected to
nodes D and A, respectively, while the drain and gate of an
n-type transistor 90 are connected to nodes A and D,
respectively. With this arrangement, transistors 82, 84, 88,
and 90 may function as a high-gain sense amplifier to
amplify any difference in voltage between nodes A and D.
The sources of transistors 88 and 90 are connected to the
drain of an n-type transistor 92. Transistor 92 is connected
to ground at its source and receives the pSAd; signal at its
gate.

Pre-charge circuit 64 generally functions to pre-charge
nodes A and D to a level of approximately one-half Vce
when the respective phase sense amplifier signal (§SA; or
$SA,) is low. Pre-charge circuit 64 includes an n-type
transistor 94 and a p-type transistor 96, which are connected
together between node A and voltage source Vpc. Similarly,
a p-type transistor 98 and an n-type transistor 100 are
connected together between node D and Vpc. A p-type
transistor 102 and an n-type transistor 104 are connected
together between nodes D and A. The gates of transistors 96,
98, and 102 each receive the ¢SA,; signal. The gates of
transistors 94, 100, and 104 each receive the ¢SAN, signal.

Hold circuit 66 functions to hold the value of the signal
output by sample circuit 62 at node A. Hold circuit 66
comprises an inverter 108 coupled to node A. Inverter 108
functions as a level shifter which generates an output at a
node E. A p-type transistor 110 has its drain connected to
inverter 108, its source coupled to Ve, and its gate receiving
the SAN; signal. An n-type transistor 112 has its drain
connected to inverter 108, its source coupled to ground, and
its gate receiving the ¢SAd; signal. Transistors 110 and 112
function as a virtual power supply control gates. An inverter
114 receives the output of inverter 108 at node E. Preferably,
the current driving strength of inverter 116 is much weaker
than that of inverter 108. The output of inverter 114 is also
the output for sample and hold comparator 56 (i.e., data latch
signal D, 5, or D, ;). An inverter 116 receives the output of
inverter 114 and its output appears at node E. As such,
inverters 114 and 116 function as a latch. Inverter 108
functions as a buffer between the cross-coupled latch
(formed by inverters 114 and 116) and node A, especially
when sample and hold comparator 56 is run at a very high
frequency that does not allow a full rail-to-rail signal level
at node A. Inverter 108 also blocks the current path from
inverter 114 to node A to avoid potential disturbance to node
A, thereby allowing sample circuit 62 to operate at very high
frequency.

In operation, when the clock (CLK) signal is high, the
¢SA, signal is also high, thereby turning on pass gate
transistors 68 and 72. This allows the voltages values for D',
and Vg to be latched into nodes B and C respectively.
Because the ¢SA, signal is high, transistors 96, 98, and 102
in pre-charge circuit 64 are turned off. Furthermore, when
the ¢SA; signal is high, the $SAN; signal is low, thereby
turning off transistors 94, 100, and 104 in pre-charge circuit
64. Because all of the transistors in pre-charge circuit 64 are
off, the pre-charge reference voltage Vpc is disconnected
from nodes A and D.

Since $SAN,; is low, transistor 78 in sample circuit 62 is
turned on. Accordingly, differential voltages of Vpc(+/-)
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75-125 mV at nodes A and D are established through
transistors 80 and 86, due to the voltage difference between
V, ;and Vy at nodes B and C, respectively. More specifically,
if V;; is higher than Vy, then the voltage at node D will be
lower than that at node A by approximately 150-250 mV. If
V,; is lower than Vp, then the voltage at node D will be
higher than that at node A by approximately 150-250 mV.

After the differential voltage is established between nodes
A and D, which requires one inverter delay after the $SAN;
signal goes low, the ¢SAd, signal goes high, thereby turning
on transistor 92 in sample circuit 62. This enables the
high-gain sense amplifier formed from transistors 82, 84, 88,
and 90 to amplify the differential voltage signal established
between nodes A and D. Since the voltages at nodes A and
D are approximately one-half Vdd(+/-)75-125 mV before
amplification, when transistor 92 turns on, the intermediate
voltages at nodes A and D are immediately amplified to
almost a full rail-to-rail level.

When the ¢SAd; signal goes high, it also turns on tran-
sistor 112 in hold circuit 66, thereby enabling level shifting
inverter 108. At this moment, the amplified data at node A
will be passed through level shifting inverter 108 and held
at node E by cross-coupled latch inverters 114 and 116 for
one clock cycle. Inverter 114 latches the recovered data at
node E after control gate transistors 110 and 112 are turned
off.

When the CLK signal goes low, the ¢SA, signal also goes
low and the ¢$SAN,; signal goes high. This turns on transis-
tors 94-104 in pre-charge circuit 64, thereby pre-charging
nodes A and D to about one-half Vec using Vpe. This
pre-charging of nodes A and D supports the high-speed
operation of sample circuit 62 because differential amplifier
of sample circuit 62 is biased into a very high gain mode.
Furthermore, the rail-to-rail voltage transition at nodes A
and D is made more rapid. At this moment, sample circuit 62
is disabled and hold circuit 66 retains the incoming data at
node E so that this data will be available for access by an
appropriate element or device, such as, for example, a
memory controller.

In summary of the operation, when ¢SA; is high, the
incoming data D', is stored at node B, sampled by the
differential amplifier formed of transistors 82, 84, 88, and 90
of sample circuit 62, and latched into hold circuit 64. During
the time when ¢SA; is low, the incoming data D', will be
held at node B for one-half of a clock cycle to ensure that the
D', data can be compared and amplified before the ¢SA;
signal goes back high again to sample the next data.

With the operation described above, sample and hold
comparator 56 can be operated at a frequency higher than
250 MHz when implemented with 0.35 micron complemen-
tary metal-oxide semiconductor (CMOS) technology.
Furthermore, if deep sub-micron (e.g., 1.8-2.5 micron)
CMOS technology is used, operation at higher than 500
MHz can be achieved. For the DDR transfer format
described herein, 2 Gbits/second per data channel is attain-
able. If a 64-bit data bus is used, this translates into a 16
Gbytes/s data transfer rate.

FIG. 8 is a schematic diagram of an exemplary embodi-
ment for the decompression decoder circuit 58 shown in
FIG. 5. Decompression decoder circuit 58 receives the data
latch signals Dy 7, Dyoz Dysgs Dr1zs Dro, and D, 5, and
decodes these signals to assign appropriate binary values to
the bits of information conveyed with the two-level protocol
signals D', and D' ;5. In one embodiment, decompression
decoder circuit 58 comprises at least one decoder circuit 118
and a multiplex circuit 120.
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As shown, two decoder circuits 118 are provided. Each
decoder circuit 118 operates on one set of data latch signals
output by the respective sample and hold comparators 56
(FIG. 5). Specifically, one decoder circuit 118 decodes data
latch signals D, ;, D;,;, and D, 5; (timed on a low clock
signal) to output data signals Dy, ;y and Dy, . The other
decoder circuit 118 decodes data latch signals D, 1,7, D;op
and D, 5, (timed on a high clock signal) to output data
signals Dz 5y and Dygey. A truth table illustrating the
decoding operation performed by each decoder circuit 118 is
shown in FIG. 9. With this operation, each decoder circuit
118 determines a value (“1” or “0”) for the bits conveyed in
two-level protocol signals D'y and D'z.

Each decoder circuit 118 can be implemented as combi-
nation of logic gates. As shown, such a combination includes
a number of AND gates 122, 124, and 126, and an OR gate
128. AND gate 122 receives as inputs D, , and D,,, (or
Dy 1z and Dy ,p) and outputs Dy 4y (0r Dygyqy). AND gate
124 receives each of D, ;;, D;,;, and D, 5; (or D; 177, Dy,
and D, 5z, as inputs. AND gate 126 receives as inputs D, ;,
and the complements of D,,, and D, ; (or D, and the
complements of D, ,,,and D; ;) . OR gate 128 receives the
outputs of AND gates 124 and 126 and, in response, outputs
DkL(O) (or DkH(O))'

Multiplex circuit 120 is coupled to and receives the output
data signals (D 1y, Dsz(0y> Dierry 20d Dygroy) from decoder
circuits 118. Multiplex circuit 120 multiplexes these data
signals to pass cither the values of Dy (;y and Dy, OF
alternatively, the values of Dk{v_,(l) and D0y as the outputs
D'y and D' of the respective BDC 26. Multiplex circuit
120 is timed with clock signals, including a $Mux; signal,
which are generated from the ¢SAd, signal by sequentially
coupled inverters 130, 132, and 134.

Multiplex circuit 120 includes an n-type transistor 136
and a p-type transistor 138 coupled between the output of
AND gate 122 of one decoder circuit 118 and the D'y,
output of decompression decoder circuit 58. An n-type
transistor 140 and a p-type transistor 142 are coupled
between the output of OR gate 128 of the same decoder
circuit 118 and the D'y, output. Transistors 138 and 142
receive the pMux; signal at their gates, and transistors 136
and 140 receive the complement of the ¢Mux; signal at their
gates. Upon the occurrence of a “low” value for the ¢Mux;
signal, transistors 136, 138, 140, and 142 pass the values
Dyz(1y and Dy oy as the outputs D',y and D'y, respec-
tively.

A p-type transistor 144 and an n-type transistor 146 are
coupled between the output of AND gate 122 for the other
decoder circuit 118 and the D',y output of decompression
decoder circuit 58. A p-type transistor 148 and an n-type
transistor 149 are coupled between the output of OR gate
128 of the same decoder circuit 118 and the D' output.
The gates of transistors 146 and 149 receive the ¢Mux;
signal, and the gates of transistors 144 and 148 receive the
complement of the pMux; signal. Upon the occurrence of a
“high” value for the ¢Mux; signal, transistors 144, 146, 148,
and 149 pass the values Dy and Dz as the outputs
D'y and D'y, respectively.

It should be understood that a multiplex circuit 120 is not
necessary if only a single decoder circuit 118 is provided,
such as would be the case if a DDR technique is not used.
For example, it may be preferable that the memory control-
ler directly access Dy oy, Dyz(1ys Dazrcoy @0d Dygrqy In 2
non-DDR data format.

FIGS. 10A and 10B are exemplary timing diagrams 180
and 182, respectively, for a memory device having an

10

15

20

25

35

40

45

50

55

60

65

14

advanced 1/O interface, in accordance with an embodiment
of the present invention. Timing diagrams 180 and 182
include a plurality of exemplary waveforms that may be
input or generated for various signals appearing in the
advanced I/O interface described herein.

A clock (CLK) signal 184 may be generated in PLL clock
generator 31 of memory device 12 (FIG. 1). A first phase
sense amplifier (pSA,) signal 186 and a second phase sense
amplifier ($SA,) signal 188, derived from CLK signal 184,
are generated in timing generator circuit 150 (FIG. 6). CLK
signal 184, ¢SA, signal 186, and ¢SA, signal 188 are used
for timing throughout the advanced I/O interface. Each of
these signals comprises a number of clock pulses, wherein
each pulse has a leading edge and a falling edge. In one
embodiment, clocking can be performed at a double data
rate (DDR)—i.e., clocking occurs at both the leading edge
and falling edge of each clock pulse.

Adata (D)) signal 190 may be received at a BDC 26 (FIG.
5). D' signal 190 is formatted in a multi-level protocol. That
is, this signal comprises a number of pulses. Each pulse may
have one of four voltage levels, each of which corresponds
to a particular set of values for two bits of data. Specifically,
a first voltage level, with the lowest voltage value, corre-
sponds to the case where both bits have low values (“007).
A second level, with a slightly higher voltage value, corre-
sponds to the case where the first bit has a low value and the
second bit has a high value (“01”). A third level, with a
higher voltage value than either the first or second levels,
corresponds to the case where the first bit has a high value
and the second bit has a low value (“10”). A fourth level,
with the highest voltage value, corresponds to the case
where both bits have high values (“11%).

A first voltage latched (V,,) signal 192 and a second
voltage latched (V,,) signal 194 can be generated in a
sample and hold comparator 56 (FIG. 7), for example, by
sampling D', signal 190 using ¢SA; signal 186 and ¢SA,
signal 188, respectively. A plurality of data latched “high”
(D; 1z Diog, and D, 55) signals 196, 198, and 200 can be
generated by a plurality of sample and hold comparators 56
by comparing V, , signal 192 against a respective reference
voltage (Vrer1> Vrers, a0d Vgers). Similarly, a plurality of
data latched “low” (D, ;, D, ,;, and D, 5, ) signals 202, 204,
and 206 can be generated by a plurality of sample and hold
comparators 56 by comparing VL, signal 194 against a
respective reference voltage (Vrgri, Vrgrs, and Veprs) A
data bit-zero “high” (Dyzz,) signal 208 and a data bit-one
“high” (Dyzy;y) signal 210 may be generated in a decom-
pression decoder circuit 58 by decoding D; 14, D; .z, and
D, 5, signals 196, 198, and 200. Likewise, a data bit-zero
“low” (Dyg (o) signal 212 and a data bit-one “low” (Dyy 1)
signal 214 may be generated in the decompression decoder
circuit 58 by decoding D;,;, D,,;, and D, 5; signals 202,
204, and 206.

A phase multiplex (¢Mux,) signal 216 may be generated
in the decompression decoder circuit 58. A recovered data
bit-zero (D'yy) signal 218 and a recovered data bit-one
(D'y1y) signal 220 are generated by sampling Dy z0y> Dz
signals 208 and 210 on each “high” clock of ¢Mux; signal
216 and by sampling Dy ), Dy 771y signals 212 and 21 on
each “low” clock of ¢Mux; signal 216. D' signal 218
D'y signal 220 are formatted in a two-level protocol.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions, and alterations can be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims.
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What is claimed is:

1. An advanced input/output interface for an integrated
circuit memory having a memory storage array accessible by
signals formatted in a two-level protocol, the advanced
input/output interface comprising:

a bit compression circuit for receiving a clock signal and

a first plurality of signals formatted in the two-level
protocol and generated within the integrated circuit
memory, the bit compression circuit for converting the
first plurality of two-level protocol signals into a first
signal formatted in a multi-level protocol, the first
multi-level protocol signal communicated out of the
integrated circuit memory in synchronization with the
clock signal; and

a bit decompression circuit for receiving a second signal
in synchronization with the clock signal, the second
signal formatted in the multi-level protocol, the bit
decompression circuit for converting the second multi-
level protocol signal into a second plurality of signals
formatted in the two-level protocol, the second plural-
ity of two-level protocol signals utilized within the
integrated circuit memory, wherein the bit decompres-
sion circuit comprises a sample and hold comparator
for sampling a voltage of the second multi-level pro-
tocol signal and holding the sampled voltage for com-
parison against a reference voltage.

2. The advanced input/output interface of claim 1, com-
prising an automatic voltage gain control circuit coupled to
the bit compression circuit and the bit decompression
circuit, the voltage gain control circuit for controlling gain
on the first multi-level protocol signal.

3. The advanced input/output interface of claim 1,
wherein the bit compression circuit comprises a signal
voltage generator for generating a plurality of signal
voltages, each signal voltage corresponding to a respective
level in the multi-level protocol.

4. The advanced input/output interface of claim 1,
wherein the bit compression circuit comprises a plurality of
signal level generating circuits, each signal level generating
circuit for outputting a different voltage level on the first
multi-level protocol signal.

5. The advanced input/output interface of claim 1,
wherein the sample and hold comparator outputs a data latch
signal.

6. The advanced input/output interface of claim 1,
wherein the sample and hold comparator comprises:

a sample circuit for sampling a voltage of the second
multi-level protocol signal, comparing the sampled
voltage against a reference voltage, and outputting a
resultant voltage in response to the comparison; and

a hold circuit for holding a value for the resultant voltage.

7. The advanced input/output interface of claim 6,
wherein the sample circuit comprises a sense amplifier.

8. The advanced input/output interface of claim 6, com-
prising a pre-charge circuit for pre-charging at least one
node in the sample circuit.

9. The advanced input/output interface of claim 1,
wherein each of the bit compression circuit and the bit
decompression circuit utilizes a double data rate technique.

10. An integrated circuit memory comprising:

a memory storage array controlled and accessible by
signals formatted in a two-level protocol;

a clock generator coupled to the memory storage array,
the clock generator operable to generate a clock signal;
and

an advanced input/output interface coupled to the memory
storage array, the advanced input/output interface com-
prising:
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a bit compression circuit for receiving the clock signal
and a first plurality of signals formatted in the
two-level protocol and generated within the inte-
grated circuit memory, the bit compression circuit
for converting the first plurality of two-level protocol
signals into a first signal formatted in a multi-level
protocol, the first multi-level protocol signal com-
municated out of the integrated circuit memory in
synchronization with the clock signal;

a bit decompression circuit for receiving a second
signal in synchronization with the clock signal, the
second signal formatted in the multi-level protocol,
the bit decompression circuit for converting the
second multi-level protocol signal into a second
plurality of signals formatted in the two-level
protocol, the second plurality of two-level protocol
signals utilized within the integrated circuit memory,
the bit decompression circuit comprising:

a plurality of sample and hold comparators, each
sample and hold comparator for sampling a volt-
age of the second multi-level protocol signal and
comparing the sampled voltage against a respec-
tive reference voltage to output a respective data
latch signal; and

a decompression decoder circuit coupled to the
sample and hold comparators, the decompression
decoder circuit for decoding the data latch signals
to output the second plurality of two-level proto-
col signals; and

a voltage gain control circuit coupled to the bit
compression circuit and the bit decompression
circuit, the voltage gain control circuit for con-
trolling gain on the first multi-level protocol sig-
nal.

11. The integrated circuit memory of claim 10, compris-
ing timing generator and data path circuitry coupled to the
memory storage array and the advanced input/output
interface, the timing generator and data path circuitry for
generating at least a portion of the first plurality of two-level
protocol signals and for receiving the second plurality of
two-level protocol signals.

12. The integrated circuit memory of claim 10, wherein
the bit compression circuit comprises a signal voltage gen-
erator for generating a plurality of signal voltages, each
signal voltage corresponding to a respective level in the
multi-level protocol.

13. The integrated circuit memory of claim 10, wherein
the bit compression circuit comprises a plurality of signal
level generating circuits, each signal level generating circuit
for outputting a different voltage level on the first multi-level
protocol signal.

14. The integrated circuit memory of claim 10, wherein
each of the bit compression circuit and the bit decompres-
sion circuit utilizes a double data rate technique.

15. A method for interfacing with an integrated circuit
memory having a memory storage array accessible by
signals formatted in a two-level protocol, the method com-
prising:

generating a clock signal within the integrated circuit

memory;

converting a first plurality of signals formatted in the

two-level protocol and generated within the integrated

circuit memory into a first signal formatted in a multi-
level protocol;

communicating the first multi-level protocol signal out of

the integrated circuit memory in synchronization with

the clock signal;
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receiving from outside the integrated circuit memory a
second signal in synchronization with the clock signal,
the second signal formatted in the multi-level protocol;
and

converting the second multi-level protocol signal into a
second plurality of signals formatted in the two-level
protocol, the second plurality of two-level protocol
signals utilized within the integrated circuit memory,
wherein converting the second multi-level protocol
signal comprises:
sampling a voltage of the second multi-level protocol

signal; and

comparing the sampled voltage against a reference
voltage to output a data latch signal.

16. The method of claim 15, wherein converting the
second multi-level protocol signal comprises:

sampling a voltage of the second multi-level protocol
signal;

comparing the sampled voltage against a plurality of
reference voltages to output a plurality of data latch
signals; and

decoding the plurality of data latch signals to output the
second plurality of two-level protocol signals.

17. The method of claim 15, further comprising automati-

cally controlling gain on the first multi-level protocol signal.

18. An advanced input/output interface for an integrated
circuit device in communication with an integrated circuit
memory having a memory storage array accessible by
signals formatted in a two-level protocol, the advanced
input/output interface comprising:

a bit compression circuit for receiving a clock signal and

a first plurality of signals formatted in the two-level

protocol and generated within the integrated circuit

device, the bit compression circuit for converting the
first plurality of two-level protocol signals into a first
signal formatted in a multi-level protocol, the first
multi-level protocol signal communicated out of the
integrated circuit device to the integrated circuit
memory in synchronization with the clock signal; and

a bit decompression circuit for receiving a second signal
in synchronization with the clock signal, the second
signal formatted in the multi-level protocol, the bit
decompression circuit for converting the second multi-
level protocol signal into a second plurality of signals
formatted in the two-level protocol, the second plural-
ity of two-level protocol signals utilized within the
integrated circuit device, wherein the bit decompres-
sion circuit comprises a sample and hold comparator
for sampling a voltage of the second multi-level pro-
tocol signal and holding the sampled voltage for com-
parison against a reference voltage.

19. An integrated circuit device in communication with an
integrated circuit memory having a memory storage array
controlled and accessible by signals formatted in a two-level
protocol, the integrated circuit device comprising:

a memory controller; and

an advanced input/output interface coupled to the memory
controller, the advanced input/output interface com-
prising:

a bit compression circuit for receiving a clock signal
and a first plurality of signals formatted in the
two-level protocol and generated within the inte-
grated circuit device, the bit compression circuit for
converting the first plurality of two-level protocol
signals into a first signal formatted in a multi-level
protocol, the first multi-level protocol signal com-

10

15

20

30

35

40

45

50

55

60

65

18

municated out of the integrated circuit device to the
integrated circuit memory in synchronization with
the clock signal;

a bit decompression circuit for receiving a second
signal in synchronization with the clock signal, the
second signal formatted in the multi-level protocol,
the bit decompression circuit for converting the
second multi-level protocol signal into a second
plurality of signals formatted in the two-level
protocol, the second plurality of two-level protocol
signals utilized within the integrated circuit device,
wherein the bit decompression circuit comprises a
sample and hold comparator for sampling a voltage
of the second multi-level protocol signal and holding
the sampled voltage for comparison against a refer-
ence voltage; and

a voltage gain control circuit coupled to the bit com-
pression circuit and the bit decompression circuit,
the voltage gain control circuit for controlling gain
on the first multi-level protocol signal.

20. The advanced input/output interface of claim 1,
wherein the integrated circuit memory, the bit compression
circuit, and the bit decompression circuit are formed on a
common substrate.

21. The advanced input/output interface of claim 1,
wherein the integrated circuit memory, the bit compression
circuit, and the bit decompression circuit are provided
within a common module.

22. An apparatus for establishing communications over a
communication path between a first logic or storage element
and a second logic or storage element, the first and second
logic or storage elements and the communications path
being located within a common interconnect plane, the
apparatus comprising:

a first circuit at a first location along the communications
path for receiving signals formatted in a two-level
protocol from the first logic or storage element and for
outputting signals corresponding thereto that are in a
multi-level protocol to the communications path where
both receiving and outputting are performed synchro-
nously with a clock signal;

the first circuit also receiving signals formatted in a
multi-level protocol from the communications path and
outputting signals corresponding thereto that are for-
matted in the two-level protocol to the first logic or
storage element where both receiving and outputting
are performed synchronously with the clock signal;

wherein the first circuit comprises a sample and hold
comparator for sampling voltages of the received sig-
nals formatted in the multi-level protocol and holding
the sampled voltage for comparison against a reference
voltage.

23. The apparatus of claim 22, further comprising:

a second circuit at a second location along the commu-
nications path for receiving signals formatted in the
two-level protocol from the second logic or storage
element and for outputting signals corresponding
thereto that are formatted in a multi-level protocol to
the communications path;

the second circuit also receiving signals formatted in a
multi-level protocol from the communications path and
outputting signals corresponding thereto that are for-
matted in the two-level protocol to the second logic or
storage element.

24. A memory architecture, comprising:

a memory circuit that is accessible by signals formatted in
a two-level protocol;
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a logic circuit accessible by signals formatted in the
two-level protocol;

the memory circuit and the logic circuit being separated
within a common module by a communications path
that exchanges data using a multi-level protocol;

20

converting a first plurality of signals formatted in the
two-level protocol and generated within the integrated
circuit memory into a first signal formatted in a multi-
level protocol;

a first interface circuit associated with the memory circuit : communicating the first multi-level protocol signal out of
and being located along the communications path the integrated circuit memory in synchronization with
proxim.ate to the memory cifcuil; . o a clock signal;

a sec((j)n(tl) lpterff‘ce flficultl assoct:ilated with 1ht.: lc;glc c1rcu&lt receiving from outside the integrated circuit memory a
;rrloxi[;;?eg " 00&:11 el o g?cocgrgcuit? aﬁgmmumca tons path -, second signe}l in synchronizgtion with t.he clock signal,

the first and second interface circuits converting data the second signal formatted in the multi-level protocol;
between the multi-level protocol and the two-level and
protocol in synchronization with a clock signal to converting the second multi-level protocol signal into a
establish data exchange between the communications second plurality of signals formatted in the two-level
path and a respective memory circuit or logic circuit, 15 protocol, the second plurality of two-level protocol
wherein each of the first and second interface circuits signals utilized within the integrated circuit memory,
comprises a respective sample and hold comparator for wherein converting comprises:
sampling voltages of signals formatted in the multi- . .
level protocol and holding the sampled voltage for samphng a voltage of the second multi-level protocol
comparison against at least one reference voltage. 20 mgna}; and .

25. A method for interfacing with an integrated circuit comparing the sampled voltage against a reference

memory having a memory storage array accessible by voltage to output a data latch signal.
signals formatted in a two-level protocol, the method com-
prising: * ok ok k%
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