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(57) Abstract: A memory device includes a data path having a data bus. The memory derive further includes a first one-hot communi-
cations interface communicatively coupled to the data bus, and a second one-hot communications interface communicatively coupled
to the data bus. The memory device additionally includes at least one memory bank, and an input/output (I/O) interface communica-
tively coupled to the at least one memory bank via the first one-hot communications interface and the second one-hot communications
interface, wherein the first one-hot communications interface is configured to convert a first data pattern received by the I/O interface
into one-hot signals transmitted via the data bus to the second one-hot communications interface, and wherein the second one-hot com-
munications interface is configured to convert the one-hot signals into the first data pattern to be stored in the at least one memory bank.
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SYSTEMS AND METHODS FOR DATA PATH POWER SAVINGS IN
DDRS MEMORY DEVICES

BACKGROUND

Field of the Present Disclosure

[0001] The present disclosure relates to circuitry for memory devices, and more specifically,
to systems and methods for power savings that may be used in data paths of a memory device

such as a double data rate type five (DDRS) memory device.

Description of Related Art

[0002] Random access memory (RAM) devices, such as the ones that may be employed in
electrical devices to provide data processing and/or storage, may provide direct availability to
addressable data stored in memory circuitry of the device. Certain RAM devices, such as
synchronous dynamic RAM (SDRAM) devices may, for example, have multiple memory banks
having many addressable memory elements. RAM devices may have also a communications
interface that may receive addresses, instructions (e.g., read, write, etc.) for operations that may
be associated with those addresses, and data associated with the instructions. Communications
circuitry that may process the data and addresses to access the corresponding memory banks.
Communication lines, such as data transmission lines or paths, may be used to deliver data to the
memory banks, and to retrieve data from the memory banks. The RAM devices may consume
different levels of power, for example, based on data patterns that are communicated through the
data transmission lines. It would be beneficial to reduce power consumption in the RAM

devices.
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[0003] Embodiments of the present disclosure may be directed to one or more of the

problems set forth above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Various aspects of this disclosure may better be understood upon reading the

following detailed description and upon reference to the drawings in which:

[0005] FIG. 1 is illustrating a block diagram illustrating an organization of a memory device

and may benefit from improved power consumption, in accordance with an embodiment;

[0006] FIG. 2 is a block diagram illustrating an embodiment of a data path architecture

suitable for lowering power consumption of the memory device shown in FIG. 1;

[0007] FIG. 3 is a diagram depicting an embodiment of a write process suitable for
transmitting data from a one-hot communications interface to a the memory bank of the memory

device shown in FIG. 1;

[0008] FIG. 4 is a diagram depicting an embodiment of a read process suitable for
transmitting data from a memory bank to a one-hot communications interface of the memory

device shown in FIG. 1; and

[0009] FIG. 5 is a flowchart illustrating an embodiment of a process for reading and/or

writing data from/to the memory banks of the memory device of FIG. 1 via one-hot signals.
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0010] One or more specific embodiments will be described below. In an effort to provide a
concise description of these embodiments, not all features of an actual implementation are
described in the specification. It should be appreciated that in the development of any such
actual implementation, as in any engineering or design project, numerous implementation-
specific decisions must be made to achieve the developers’ specific goals, such as compliance
with system-related and business-related constraints, which may vary from one implementation
to another. Moreover, it should be appreciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine undertaking of design, fabrication, and

manufacture for those of ordinary skill having the benefit of this disclosure.

[0011] Many electrical devices may include random access memory (RAM) memory devices
coupled to processing circuitry, and the memory devices may provide storage for data
processing. Examples of RAM devices include dynamic RAM (DRAM) devices and
synchronous DRAM (SDRAM) devices, which may store individual bits electronically. The
stored bits may be organized into addressable memory elements (e.g., words), which may be
stored in memory banks. To receive and to transmit the bits, the RAM devices may include
certain data communications circuitry as well as communication lines useful in saving and
retrieving the bits from the memory bank. In operation, certain data patterns may use more
power during communications. For example, data patterns having more transitions from a binary
‘17 bit (e.g., bit in a first voltage) to a binary 0’ bit (e.g., bit in a second voltage), or vice versa,
may use more power than data patterns having less transitions. Further, certain memory devices,

such as DDRS5 SDRAM, may include data repeaters and other circuitry to “move” data along
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data paths that may be found in larger die sizes, increasing power consumption for certain of the

data patterns having more transitions.

[0012] The techniques described herein may reduce the number of transitions (e.g.,
transitions from a lower bit ‘0’ voltage to a higher bit ‘1°, or vice versa) on transmission lines or
data paths to save on power consumption. In certain embodiments of the techniques described
herein, the power consumed may be independent of the data patterns communicated to the
memory device. In certain embodiments of memory devices that use a 16 bit data bus, such as
the DDRS SDRAM device, quad pumped parallelizing circuitry may be used to reduce the 16 bit
data bus to a phase separated set of 4 nibbles, where each nibble includes 4 bits of data. Each
nibble may be binary-decoded to produce a “one-hot” 16 bit data pattern having only one binary
‘17 bit, thus reducing the 16-bit data bus to a phase separated set of 4 nibbles. Using a one-hot
technique, a first set of N bits is decoded into a second set of 2N bits where the second set of 2N
bits contains a single ‘1’ and the remainder bits are all set to ‘0’, hence the “one-hot”
nomenclature. The one-hot data patterns may then be sent as signals over certain data
transmission circuitry, (e.g., transmission lines, data channeling circuits, multiplexers, drivers,
repeaters, and so on). Because the data is transmitted with a reduced number of binary ‘1’ bits
(e.g., a single binary ‘1’ bit per nibble), the number of transitions is reduced, resulting in power

savings. Indeed, in a 16 bit data bus, the worst case scenario may include at most 8 transitions.

[0013] Turning now to the figures, FIG. 1 is a simplified block diagram illustrating certain
features of a memory device 10. Specifically, the block diagram of FIG. 1 is a functional block
diagram illustrating certain functionality of the memory device 10. In accordance with one

embodiment, the memory device 10 may be a double data rate type five synchronous dynamic
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random access memory (DDRS SDRAM) device. Various features of DDRS SDRAM allow for
reduced power consumption, more bandwidth and more storage capacity compared to prior

generations of DDR SDRAM.

[0014] The memory device 10, may include a number of memory banks 12. The memory
banks 12 may be DDR5 SDRAM memory banks, for instance. The memory banks 12 may be
provided on one or more chips (e.g., SDRAM chips) that are arranged on dual inline memory
modules (DIMMS). Each DIMM may include a number of SDRAM memory chips (e.g., x8 or
x16 memory chips), as will be appreciated. Each SDRAM memory chip may include one or
more memory banks 12. The memory device 10 represents a portion of a single memory chip
(e.g., SDRAM chip) having a number of memory banks 12. For DDRS, the memory banks 12
may be further arranged to form bank groups. For instance, for an 8 gigabyte (Gb) DDRS5
SDRAM, the memory chip may include 16 memory banks 12, arranged into 8 bank groups, each
bank group including 2 memory banks. For a 16 Gb DDRS SDRAM, the memory chip may
include 32 memory banks 12, arranged into 8 bank groups, each bank group including 4 memory
banks, for instance. Various other configurations, organization and sizes of the memory banks
12 on the memory device 10 may be utilized depending on the application and design of the

overall system.

[0015] The memory device 10 may include a command interface 14 and an input/output
(I/0) interface 16. The command interface 14 is configured to provide a number of signals (e.g.,
signals 15) from an external device (not shown), such as a processor or controller. The processor
or controller may provide various signals 15 to the memory device 10 to facilitate the

transmission and receipt of data to be written to or read from the memory device 10.
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[0016] As will be appreciated, the command interface 14 may include a number of circuits,
such as a clock input circuit 18 and a command address input circuit 20, for instance, to ensure
proper handling of the signals 15. The command interface 14 may receive one or more clock
signals from an external device. Generally, double data rate (DDR) memory utilizes a
differential pair of system clock signals, referred to herein as the true clock signal (Clk t/) and
the complementary clock signal (Clk c). The positive clock edge for DDR refers to the point
where the rising true clock signal Clk t/ crosses the falling complementary clock signal Clk ¢,
while the negative clock edge indicates that transition of the falling true clock signal Clk t and
the rising of the complementary clock signal Clk c¢. Commands (e.g., read command, write
command, etc.) are typically entered on the positive edges of the clock signal and data is

transmitted or received on both the positive and negative clock edges.

[0017] The clock input circuit 18 receives the true clock signal (Clk t/) and the
complementary clock signal (Clk c) and generates an internal clock signal CLK. The internal
clock signal CLK is supplied to an internal clock generator, such as a delay locked loop (DLL)
circuit 30. The DLL circuit 30 generates a phase controlled internal clock signal LCLK based on
the received internal clock signal CLK. The phase controlled internal clock signal LCLK is
supplied to the I/O interface 16, for instance, and is used as a timing signal for determining an

output timing of read data.

[0018] The internal clock signal CLK may also be provided to various other components
within the memory device 10 and may be used to generate various additional internal clock
signals. For instance, the internal clock signal CLK may be provided to a command decoder 32.

The command decoder 32 may receive command signals from the command bus 34 and may
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decode the command signals to provide various internal commands. For instance, the command
decoder 32 may provide command signals to the DLL circuit 30 over the bus 36 to coordinate
generation of the phase controlled internal clock signal LCLK. The phase controlled internal

clock signal LCLK may be used to clock data through the IO interface 16, for instance.

[0019] Further, the command decoder 32 may decode commands, such as read commands,
write commands, mode-register set commands, activate commands, etc., and provide access to a
particular memory bank 12 corresponding to the command, via the bus path 40. As will be
appreciated, the memory device 10 may include various other decoders, such as row decoders
and column decoders, to facilitate access to the memory banks 12. In one embodiment, each
memory bank 12 includes a bank control block 22 which provides the necessary decoding (e.g.,
row decoder and column decoder), as well as other features, such as timing control and data

control, to facilitate the execution of commands to and from the memory banks 12.

[0020] The memory device 10 executes operations, such as read commands and write
commands, based on the command/address signals received from an external device, such as a
processor. In one embodiment, the command/address bus may be a 14-bit bus to accommodate
the command/address signals (CA<13:0>). The command/address signals are clocked to the
command interface 14 using the clock signals (Clk t/ and Clk ¢). The command interface may
include a command address input circuit 20 which is configured to receive and transmit the
commands to provide access to the memory banks 12, through the command decoder 32, for
instance. In addition, the command interface 14 may receive a chip select signal (CS_n). The

CS_n signal enables the memory device 10 to process commands on the incoming CA<13:0>
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bus. Access to specific banks 12 within the memory device 10 is encoded on the CA<13:0> bus

with the commands.

[0021] In addition, the command interface 14 may be configured to receive a number of
other command signals. For instance, a command/address on die termination (CA_ODT) signal
may be provided to facilitate proper impedance matching within the memory device 10. A reset
command (RESET n) may be used to reset the command interface 14, status registers, state
machines and the like, during power-up for instance. The command interface 14 may also
receive a command/address invert (CAI) signal which may be provided to invert the state of
command/address signals CA<13:0> on the command/address bus, for instance, depending on
the command/address routing for the particular memory device 10. A mirror (MIR) signal may
also be provided to facilitate a mirror function. The MIR signal may be used to multiplex signals
so that they can be swapped for enabling certain routing of signals to the memory device 10,
based on the configuration of multiple memory devices in a particular application. Various
signals to facilitate testing of the memory device 10, such as the test enable (TEN) signal, may
be provided, as well. For instance, the TEN signal may be used to place the memory device 10

into a test mode for connectivity testing.

[0022] The command interface 14 may also be used to provide an alert signal (ALERT n) to
the system processor or controller for certain errors that may be detected. For instance, an alert
signal (ALERT n) may be transmitted from the memory device 10 if a cyclic redundancy check
(CRC) error is detected. Other alert signals may also be generated. Further, the bus and pin for

transmitting the alert signal (ALERT n) from the memory device 10 may be used as an input pin
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during certain operations, such as the connectivity test mode executed using the TEN signal, as

described above.

[0023] Data for read and write commands may be sent to and from the memory device 10,
utilizing the command and clocking signals discussed above, by transmitting and receiving data
signals 44 through the 1O interface 16. More specifically, the data may be sent to or retrieved
from the memory banks 12 over the data path 46, which includes a plurality of bi-directional data
buses. Data IO signals, generally referred to as DQ signals, are generally transmitted and
received in one or more bi-directional data busses. For certain memory devices, such as a DDRS
SDRAM memory device, the 10 signals may be divided into upper and lower bytes. For
instance, for a x16 memory device, the 10 signals may be divided into upper and lower 10
signals (e.g., DQ<15:8> and DQ<7:0>) corresponding to upper and lower bytes of the data

signals, for instance.

[0024] The memory banks 12 may store data communicated via the I/O interface 16, as
described above. In order to further reduce power consumption, the I/O interface 16 may include
a one-hot communications interface 50 suitable for decoding/encoding, for example, the 10
signals (e.g., DQ<15:8> and DQ<7:0>) for transmission via the data path 46 as one-hot signals.
One or more corresponding one-hot communications interfaces 52 may also be disposed, for
example, in the bank controls 22, and used for decoding/encoding the one-hot signals into data
that may then be stored and/or retrieved from the memory banks 12. For example, during
transmission of input data into one of the memory banks 12 for storage, the one-hot
communications interface 50 may convert input signals into one-hot signals having a single ‘1’

bit per 16-bit word. The one-hot signals may then be communicated via the data path 46 to the
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one-hot communications interface 52, which then convert the one-hot signals into data to be

stored in the desired memory bank 12.

[0025] Likewise, for output data retrieved from the desired memory bank 12, the one-hot
communications interface 52 may convert the data into one-hot signals, which may then be
transmitted via the data path 46 into the one-hot communications interface 50. The one-hot
communications interface 50 may then convert the one-hot signals into the output data for output
via the I/O interface 16. As mentioned earlier, one-hot signals include a single binary ‘1’ bit per
data pattern (e.g., per nibble, per 16 bit byte, and so on). The one-hot signals communicated via
the one-hot communications interfaces 50, 52 may include data patterns that have less transitions
between zeroes and ones, thus reducing power consumed by the memory device 10. Indeed, the
power consumed may be independent of the data patterns communicated via the I/O interface 16.
It is to be noted that while the one-hot communications interface 52 is depicted as included in the
bank controls 22, the one-hot communications interface 52 may be included in the data path 46
or near a terminus end of each transmission line. Likewise, the one-hot communications
interface 50 may be included near a terminus end opposite of the one-hot communications

interface 52, or in the data path 46.

[0026] To allow for higher data rates within the memory device 10, certain memory devices,
such as DDR memory devices may utilize data strobe signals, generally referred to as DQS
signals. The DQS signals are driven by the external processor or controller sending the data
(e.g., for a write command) or by the memory device 10 (e.g., for a read command). For read
commands, the DQS signals are effectively additional data output (DQ) signals with a

predetermined pattern. For write commands, the DQS signals are used as clock signals to

10
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capture the corresponding input data. As with the clock signals (Clk t/ and Clk c), the data
strobe (DQS) signals may be provided as a differential pair of data strobe signals (DQS t/ and
DQS c) to provide differential pair signaling during reads and writes. For certain memory
devices, such as a DDRS5 SDRAM memory device, the differential pairs of DQS signals may be
divided into upper and lower data strobe signals (e.g., UDQS t/ and UDQS c; LDQS t/ and
LDQS c) corresponding to upper and lower bytes of data sent to and from the memory device

10, for instance.

[0027] An impedance (ZQ) calibration signal may also be provided to the memory device 10
through the IO interface 16. The ZQ calibration signal may be provided to a reference pin and
used to tune output drivers and ODT values by adjusting pull-up and pull-down resistors of the
memory device 10 across changes in process, voltage and temperature (PVT) values. Because
PVT characteristics may impact the ZQ resistor values, the ZQ calibration signal may be
provided to the ZQ reference pin to be used to adjust the resistance to calibrate the input
impedance to known values. As will be appreciated, a precision resistor is generally coupled
between the ZQ pin on the memory device 10 and GND/VSS external to the memory device 10.

This resistor acts as a reference for adjusting internal ODT and drive strength of the IO pins.

[0028] In addition, a loopback signal (LOOPBACK) may be provided to the memory
device 10 through the 10 interface 16. The loopback signal may be used during a test or
debugging phase to set the memory device 10 into a mode wherein signals are looped back
through the memory device 10 through the same pin. For instance, the loopback signal may be

used to set the memory device 10 to test the data output (DQ) of the memory device 10.

11
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Loopback may include both a data and a strobe or possibly just a data pin. This is generally

intended to be used to monitor the data captured by the memory device 10 at the IO interface 16.

[0029] As will be appreciated, various other components such as power supply circuits (for
receiving external VDD and VSS signals), mode registers (to define various modes of
programmable operations and configurations), read/write amplifiers (to amplify signals during
read/write operations), temperature sensors (for sensing temperatures of the memory device 10),
etc., may also be incorporated into the memory system 10. Accordingly, it should be understood
that the block diagram of FIG. 1 is only provided to highlight certain functional features of the

memory device 10 to aid in the subsequent detailed description.

[0030] Turning now to FIG. 2, a block diagram illustrating an embodiment of a data path
architecture 60 suitable for lowering power consumption of the memory device 10 is shown.
Because the figure depicts like elements as those found in FIG. 1, the like elements are illustrated
with like numbers. In the depicted embodiment, DQ pad(s) 62 may be used to communicate the
IO signals (e.g., DQ<15:8> and DQ<7:0> shown in FIG. 1) to external devices, such as
processors, field programmable arrays (FPGAs), and so on. The data communicated via the DQ
pad(s) 62 may be converted by the one-hot communications interface 50 for transmittal or for
receipt as one-hot signals through the data path 46. The data path 46 is also shown
communicatively coupled to one or more of the one-hot communications interfaces 52 disposed
as part of the bank controllers 22. The DQ pads 62 may be included in the I/O interface 16 or

communicatively connected to the I/O interface 16.

[0031] In the depicted embodiment, the data path 46 includes two data junctions 64

communicatively coupled to each other via a repeater 66. The data junctions 64 may channel

12
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data into/out of memory banks 12 during data transmission via the data path 46. Accordingly,
each data junction 64 may include multiple systems, such as multiplexors 68, drivers 70, keepers

72, and other systems 74 as shown, suitable for data distribution.

[0032] The repeater 66 may be used to span longer distances in a die, for example, by
boosting signals to forward the data from one data junction 64 to another data junction 64. The
communicated data may thus traverse through one or more transmission lines 76 of the data path
46 into or out of the memory banks 12. During operations, transitions between binary ‘1’ bits
and binary ‘0’ bits may use power, for example power in the repeater(s) 66, multiplexors 68,
drivers 70, keepers 72, and other systems 74. Accordingly, data patterns that minimize a number
of transitions between ones and zeros (or vice versa) may minimize power consumption, such as
switching power consumption, repeater power consumption, coupling power consumption, and
so on. The techniques described herein may use certain data pattern conversion techniques, as
described in more detail below, to communicate via data patterns that have a reduced number of
high to low (e.g., binary ‘1’ to binary ‘0”) or low to high (e.g., binary ‘0’ to binary ‘17)

transitions.

[0033] For example, and turning now to FIG. 3, a block diagram of an embodiment of a
write process 100 suitable for transmitting data from the one-hot communications interface 50 to
one of the memory banks 12 is illustrated. Because the figure includes like elements to those
found in FIGS. 1 and 2, the like elements are depicted with like numbers. In the depicted
embodiment, a data input buffer 102, which may be included in the DQ pad 62, may store certain
data. For example, the input buffer 102 may store one or more bytes, such as a 16-bit byte in

cases where transmission lines 76 are 16-bit wide, for delivery to the memory banks 12. Data

13
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stored in the input buffer 102 may include a number of different data patterns. For example, 2!
data patterns may be possible in cases when the input buffer 102 stores 16-bit data. As
mentioned earlier, data patterns that have many transitions may result in higher power
consumption as data signals traverse to and from the memory banks 12. To improve power
consumption, the process 100 may first use a quad pumping parallelizer circuitry 104 and a 4-
phase clock 106 included in the one-hot communications interface 50 to convert the input buffer
102 data into 4 phase-separated nibbles of data 108. Each of the 4 phase-separated nibbles of
data 108 contains 4 bits of the 16 bits found in the original data pattern and stored in the input
buffer 102. Each of the nibbles of data 108 and may be separated in phase (e.g. timing

separated) from each other by the 4-phase clock 106.

[0034] The process 100 may then use a one-hot decoder 110, such as a 4 to 16-bit one-hot
decoder included in the one-hot communications interface 50 to convert each of the 4 phase-
separated nibbles of data 108 from 4 bits into 16 bits. The conversion may use a decoding table
as shown below to convert the data 108. More specifically, Table 1 shows all possible 4-bit data
patterns (i.e., a total of 2* data patterns) decoded into respective one-hot 16-bit patterns, where
all of the 16-bit patterns have exactly one binary ‘1’ bit. It is to be understood that other one-hot

decoding tables may be used, having different decodings.

4-bit Data Pattern Decoded one-hot 16-bit Data Pattern
0000 0000000000000001
0001 0000000000000010
0010 0000000000000100
0011 0000000000001000
0100 0000000000010000
0101 0000000000100000

14
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0110 0000000001000000
0111 0000000010000000
1000 0000000100000000
1001 0000001000000000
1010 0000010000000000
1011 0000100000000000
1100 0001000000000000
1101 0010000000000000
1110 0100000000000000
1111 1000000000000000

Table 1 — 4-bit data decoded into one-hot 16-bit data

[0035] As each of the 4-bit nibbles 108 arrives at the one-hot decoder 110, the one-hot
decoder 110 may convert the 4 bits of data 108 into a one-hot 16-bit data pattern and then
transmit the one-hot 16-bit data pattern via a transmission line 76. Accordingly, the transmission
line76 is now converted into operating as a 16-bit one-hot data bus. The one-hot 16-bit data may
then traverse into one or more of the data junctions 64, and may also traverse the repeater 66
through transmission lines 76. one-hot encoding circuitry 112 may then receive the one-hot
signals, e.g., 4 sets of phase-shift 16 bit transmissions (worst case), and encode the one-hot
signals via Table 1 and via phase clock 114 to derive the original 16-bit data transmitted from the
input buffer 102. The original 16-bit data may then be stored in the appropriate memory bank
12. Ttis to be understood that the techniques described herein may be used in data buses of
various widths, such as 8-bit, 16-bit, 32-bit, 64-bit, 128-bit, or more, data buses. For example,
for 32-bit buses, a quintuple pumping parallelizer may use a S-phase clock to send 5-bit data to a

5-t0-32 bit one-hot decoder, and resulting one-hot signals may be encoded via a 32-bit one-hot

15
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encoder. It is also to be noted that multiple data paths may be used instead of the clock phasing

to transmit the resulting one-hot signals, for example in parallel.

[0036] As it relates to power consumption, the best case transmission sequence occurs when
no bits of the original data pattern switch between writes, and the worst case transmission
sequence occurs when all bits of the original data pattern switch between writes. However, by
using the write process 100, the number of transitions for the worst case would be 4 because the
4-phase nibbles resulting from the original data pattern would all have different values and thus
the write process 100 would send four different one-hot 16-bit transmissions. When the 4-phase
nibbles have the same value then a single one-hot transmission may be used in the write process
100 for the original data pattern. However, the overall number of transitions between ones and

zeros may be minimized, thus improving power consumption.

[0037] FIG. 4 is a block diagram of a read process 150 suitable for reading data from the
memory banks 12 and transmitting the data via one-hot signals. Because the figure includes like
elements to those found in FIGS. 1, 2, and 3, the like elements are depicted with like numbers.

In the depicted embodiment, each of the memory banks 12 may be communicatively coupled to a
quad pumping parallelizer 152, which may be included in the one-hot communications interface
52. Similar to process 100, the data stored in the memory bank 12 may include a number of
different data patterns, for example, 216 data patterns in cases when the memory bank 12 stores
16-bit data. As mentioned earlier, data patterns that have many transitions may result in higher
power consumption as data signals traverse to or from the memory banks 12. To improve power
consumption during memory read data transmissions, the process 152 may first use the quad

pumping parallelizer circuitry 152 and a 4-phase clock 154 included in the one-hot
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communications interface 52 to convert memory bank 12 data into 4 phase-separated nibbles of
data 156. Each of the 4 phase-separated nibbles of data 156 contains 4 bits of the 16 bits from
the original data pattern stored in the memory bank 12, and may be separated in phase (e.g.

timing separated) by the 4-phase clock 154.

[0038] The process 152 may then use a one-hot decoder 158, such as a 4 to 16-bit one-hot
decoder included in the one-hot communications interface 52 to convert each of the 4 phase-
separated nibbles of data 156 from 4 bits into 16 bits. The conversion may use a decoding table,
such as Table 1 above, to convert the data 156. As each of the 4-bit nibbles 156 arrives, the one-
hot decoder 158 may convert the 4 bits of data 156 into a one-hot 16-bit data pattern and then
transmit the one-hot 16-bit data pattern via a transmission line 76. Accordingly, the transmission
line 76 is now operating as 16-bit one-hot data bus. The one-hot 16-bit data may then traverse
into one of the data junctions 64, and may also traverse the repeater 66 through transmission
lines 76. one-hot encoding circuitry 160 may then receive the one-hot signals, e.g., 4 sets of
phase-shift 16 bit transmissions (worst case), and encode the one-hot signals via Table 1 and
phase clock 162 to derive the original 16-bit data transmitted from the memory bank 12. The
original 16-bit data may then be delivered to system(s) 164 (e.g., processors, FPGAs, and so on)
connected via the DQ pad 62. As mentioned earlier, the read techniques described herein may be
used in data buses of various widths, such as 8-bit, 16-bit, 32-bit, 64-bit, 128-bit, or more, data
buses. For example, for 32-bit buses, a quintuple pumping parallelizer may use a 5-phase clock
to send 5-bit data to a 5-to-32 bit one-hot decoder, and resulting one-hot signals may be encoded
via a 32-bit one-hot encoder. It is also to be noted that multiple data paths may be used instead

of the clock phasing.
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[0039] FIG. 5 is a flowchart of an embodiment of a process 200 suitable for reading and/or
writing data from/to the memory banks 12 via one-hot signals. In the depicted embodiment, the
process 200 may first retrieve (block 202) data 204, for example, from input buffer 102 for
transmission to the memory bank 12 or from the memory bank 12 for transmission to external
systems 162. The data 204 may then be partitioned (block 206) into partitioned data 208, for
example via phase-shifting the data 204 into 4 nibbles of 4 bits each. While phase-shifting is
described as one technique for partitioning the data, other techniques may include having
multiple paths for various bits in the data. For example, 4 transmission lines, each 4 bits wide,
may also be used to derive the partitioned data 208. The partitioned data 208 may then be

decoded (block 210) and transmitted as one-hot signals 212.

[0040] To decode (block 210) the partitioned data 208, a one-hot table may be used,
suitable for deriving one-hot bit patterns based on the data 208. The table decoding may be
implemented via multiplexer circuitry, custom circuitry, and the like, that may take bits of the
partitioned data 208 as input and output the one-hot signals 212. The one-hot signals 212 may
then be transmitted (block 214), for example via data busses (e.g., bus 76), data junctions 64,

repeaters 66, and so on, either from the DQ pad 62 to the memory bank 12 or vice versa.

[0041] On a receiving end of the transmission, the one-hot signals 212 may be encoded
(block 216) to derive the original data 204. For example, phase-shifting of the received one-hot
signals 212 may be applied via circuitry suitable for converting the one-hot signals 212 into data
that may include multiple binary ‘1’ bits. The resulting original data 204 may then be stored in
the memory bank 12 during a write operation or sent to external systems 162 during a read

operation.
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[0042] While the embodiments described herein may be susceptible to various modifications
and alternative forms, specific embodiments have been shown by way of example in the
drawings and have been described in detail herein. However, it should be understood that the
disclosure is not intended to be limited to the particular forms disclosed. Rather, the disclosure is
to cover all modifications, equivalents, and alternatives falling within the spirit and scope of the

techniques and system described in the disclosure as defined by the following appended claims.
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CLAIMS

What is claimed is:

1. A memory device, comprising:

a data path comprising a data bus;

a first one-hot communications interface communicatively coupled to the data bus;

a second one-hot communications interface communicatively coupled to the data bus;

at least one memory bank; and

an input/output (I/O) interface communicatively coupled to the at least one memory bank
via the first one-hot communications interface and the second one-hot communications interface,
wherein the first one-hot communications interface is configured to convert a first data pattern
received by the I/O interface into one-hot signals transmitted via the data bus to the second one-hot
communications interface, and wherein the second one-hot communications interface is configured

to convert the one-hot signals into the first data pattern to be stored in the at least one memory bank.

2. The memory device of claim 1, wherein the first one-hot communications interface
comprises a pumping parallelizer circuitry configured to convert the first data pattern into one or

more phase-separated nibbles of data.

3. The memory device of claim 2, wherein the first one-hot communications interface

comprises a decoder circuitry configured to receive the one or more phase-separated nibbles of data

and configured to decode the one or more phase-separated nibbles of data into the one-hot signals.

20



WO 2019/045786 PCT/US2018/027822

4, The memory device of claim 3, wherein the data bus comprises a 16-bit data bus, wherein
the pumping parallelizer circuitry comprises a quad pumping parallelizer circuitry configured to
convert the first data pattern into 4 phase-separated nibbles of data, and wherein each of the 4 phase-

separated nibbles of data comprises 4 bits.

5. The memory device of claim 1, wherein the second one-hot communications interface

comprises an encoder circuit configured to convert the one-hot signals into the first data pattern.

6. The memory device of claim 1, wherein the data path comprises a first data junction; a
second data junction communicatively coupled to the at least one memory bank; and a repeater,
wherein the first and second data junctions are communicatively coupled to each other via the
repeater, and wherein the one-hot signals are configured to be transmitted from the first one-hot
communications interface to the first data junction via the data bus, then to the repeater, and then to

the second data junction via the repeater be stored into the at least one memory bank.

7. The memory device of claim 1, wherein the second one-hot communications interface is
configured to convert a second data pattern stored in the at least one memory into second one-hot
signals transmitted to the first one-hot communications interface, and wherein the first one-hot
communications interface is configured to convert the second one-hot signals into the second data

pattern to be communicated to an external system via the I/O interface.

8. The memory device of claim 7, wherein the second one-hot communications interface

comprises a pumping parallelizer circuitry configured to convert the second data pattern into one or
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more phase-separated nibbles of data, a decoder circuitry configured to receive the one or more
phase-separated nibbles of data and configured to decode the one or more phase-separated nibbles

of data into the second one-hot signals.

9. The memory device of claim 1, comprising a double data rate type five (DDRS) memory
device having the data path, the first one-hot communications interface, the second one-hot

communications interface, the at least one memory bank, and the I/O interface.

10. A method, comprising:

receiving a write command at a memory device;

converting, via the memory device, a first data pattern to be written in a memory bank of the
memory device into first one-hot signals based on the write command,

transmitting, via a data bus of the memory device, the first one-hot signals to a first one-hot
communications interface of the memory device;

converting, via the first one-hot communications interface, the first one-hot signals into the
first data pattern; and

saving the first data pattern in the memory bank.

1. The method of claim 10, wherein converting via the memory device, the first data pattern

comprises deriving a plurality of nibbles based on the first data pattern, each nibble comprising 4

bits, and wherein the data bus comprises a width of 16 bits.
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12. The method of claim 11, wherein converting via the memory device, the first data pattern
comprises decoding the plurality of nibbles into the first one-hot signals based on a one-hot signal

decoding table.

13. The method of claim 10, wherein transmitting, via the data bus of the memory device, the
first one-hot signals comprises the first one-hot signals traversing a data junction of the memory

device, a repeater of the memory device, or a combination thereof.

14. The method of claim 10, comprising:

receiving a read command at the memory device;

converting, via the memory device, a second data pattern to be read from the memory bank
of the memory device into second one-hot signals based on the read command;

transmitting, via the data bus of the memory device, the second one-hot signals from first
one-hot communications interface of the memory device;

converting, via a second one-hot communications interface, the one-hot signals into the
second data pattern; and

providing the second data pattern to an Input/Output (DQ) pad of the memory device.

15. The method of claim 14, wherein converting, via the second one-hot communications
interface, the one-hot signals into the second data pattern comprises decoding the second one-hot

signals via a one-hot signal decoder circuitry.

16. A memory device, comprising:
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a first one-hot communications interface comprising:

a first pumping parallelizer circuitry configured to convert a first data pattern into
one or more phase-separated nibbles of data; and

a first decoder circuitry configured to receive the one or more phase-separated
nibbles of data and configured to decode the one or more phase-separated nibbles of data
into first one-hot signals, wherein the first one-hot communications interface is configured
to transmit the first one-hot signals via a data bus for storage of the first data patternin a

memory bank of the memory device.

17. The memory device of claim 16, comprising:
a second one-hot communications interface comprising a first encoder circuit configured
to convert the first one-hot signals into the first data pattern for storage of the first data pattern in

the memory bank.

18.  The memory device of claim 17, wherein the second one-hot communications interface
comprises:

a second pumping parallelizer circuitry configured to convert a second data pattern stored in
the memory bank into second one or more phase-separated nibbles of data; and

a second decoder circuitry configured to receive the second one or more phase-separated
nibbles of data and configured to decode the second one or more phase-separated nibbles of data
into second one-hot signals, wherein the second one-hot communications interface is configured
to transmit the second one-hot signals via the data bus to an Input/Output (DQ) pad of the memory

device.

24



WO 2019/045786 PCT/US2018/027822

19.  The memory device of claim 18, wherein the first one-hot” communications interface
comprises a second encoder circuit configured to convert the second one-hot signals into the second

data pattern for transmission of the second data pattern to the DQ pad.

20.  The memory device of claim 1, comprising a double data rate type five (DDRS) memory

device having the first one-hot communications interface.
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